
THE OCEAN 

SrCTTON II, 





THE 


DC I : AN, ATMOSPHERE 

AND LIFE 


Heine the Second Series of 


A DESCRIl'TIVE HISTORY OF THE 

PHENOMENA OF THE LIFE OF THE GLOBE 



Bv ELISEI' kl-CLES 


Translated by the late B. B. WOODWARD, ma. 


AND 


Euijed by henry woodward, p.r.s, of TkE British Museum 


^IlnftTBteb b]) 

TWO HUNDRED MATS OR FIGURES INTERCALATED IN IHE TEXT 
AND TWENIY-SLVEN MAPS PRINTED IN COLOURS 


SECTION //, 


LONDON 

CHAPMAN AND HALL, 193, PICCADILLY 




JOHN CIllldUB AKI> SON, PUIN1£11H. 



CONTENTS 


PAKT IL— THE ATMOSPHERE AND METEOROLOGY, 

BOOK III.-CLOUDS AND BAINS. 

PAGE 

Chapter Xlll. — The Vapour of Water. — ^'fhe Moisture of the Air. — Absolute 

Moisture and Kelati VO Moisture I 

Chapter XIV. — Formation of Mists and Clouds.— Height, Thickness, Form, and 

Aspect ot Clouds G 

Chapter XV. — Influence of the Winds on the Formation of Snow and Rain.— Dis- 

tiibulion of Rain over Plains and Mountains Ill 

Chapter XVL— Tropical Rains. — Rainy and Dry Seasons.— Periodicity of Rains . ‘21 

CiiArTEU XVII. — Rains beyond the Tropics.— Winter Rains.— Rains of Spring and 

Autumn.— Summer Ruins. — Rains of the Polar Regions 2G 

Chapter XVIII. — Countries without Rain,— Geological Action of Rains.— Contrast 

of the Two Hemispheres 30 


BOOK IV.-TIIHNDER-STORMS, AURORAS, MAGNETIC CURRENTS. 

Chapter XIX. — Height of Thunder-clouds. — Distribution of Thunder-storms in 

various Regions of the Earth. — Coursu of these Phenomena .... 36 

Chapter XX.— Polar Auroras 4G 

(^UAFTER XXL — Terrestrial Magnetism, — Declination, Inclination, and Intensity of 
the Movomonts of the Noodle. — Mognetio Poles and Ei^uutor. — Isogonol Lines 
and their Secular Annual and Diurnal Variations.- Isoclinal Lines.— Isodyuamic 
Lines 57 


BOOK V,— CLIMATES. 

Chapter XXIL — Solar Heat.— Irregularities of Local Climates.— Equalization of 

the Temperaturo briow tJhe Surface of the Ground 66 



VI 


CONTENTS. 


PAGE 

Chapter XXI II. -^Contrast botween the Climates of the Northern and Southern 
llemUpheres, between those of the Eastern and Western Sides^ of Continents, 
those of the Coasts and the Interior of Countries, and of Mountains and Plains . 71 

Chapter XXIV. — Isothermal Lines. — Thermal Equator. — Poles of Cold. — Increase 

of Temperature towards the Poles. — Open Seas 78 

Chapter XXV. — Extremes of Temperature. — Isochimonal and Isotheral Lines. — 

Daily and Monthly Variations.— Decrease of Warmth in the Upper Strata of the 
Air.— Variations of Climate during the Historioal Period .... 83 


PAET 111.— LIFE. 

BOOK I.— THE EARTH AND ITS FLORA. 

Chapter I. — The ABsnmblago of Living Creatunjs. — Number of Vegetable Species. 

— Proportion of Dicotyledons, Monocotyledons, and Cryptogams. — Forests and 
Savannahs 9G 

Chapter II.— Influence of Temiieraturo, Moisture, and Solar Rays on Vegetation. — 

Distribution of Plants 102 

Chapter 111. — Particular Habitats of Species. — Salt-water and Fresh-water Plants. 

— Littoral Species. — Parasites. — Terrestriul Species. — Influence of the Soil on 
Vegetation.— Plants associated together. — Sea- weed. — Extent of Arcus . . 110 

Chapter IV. — Contrast of the Floras in the diffprent parts of the World. — Insular 
and Continental Floras. — Increasing Richness of Vegetation in tlw direction 
from the Poles to the Equator 1 IG 

Chapter V. — Distribution of Vegetation on the Slopes of Mountains.— Mingling of 
the different Floras. — Upper Limits of the l*lants in various parts of the 
World — Irregularities in the Vertical Distribution of Plants . . . .123 

Chapter VI. — Unconnected Species. — Displacement of Areas in consccmcncc of 
Geological Changes. — Plants of Great Britain. — Naturuliziition. — luccssant 
Moditication of Floras 131 


BOOK II.-THE LAND AND ITS FAUNA. 

CiiAPTEH VII. — Origin of Life. — Species of Animals. — Multitude of Organisms.— 

Contrasts of Land and Sea 139 

Chai>tei( VIII.— The Oceanic Fauna 143 

Chapteu IX. — Influence of Climate and Physical Conditions on the Species of 

Animals 149 

Chapteb X. — Food of Animal Species. — Contrast of Faunas. — Areas of Habitation. 

— Changes in the Surface of the Areas. — Birth and Disappearance of Species 165 

Chapter XI. — Great Terrestriul Faunas. — Homoiozoic Zones . .161 

Chapter XII. — Distribution of Species on the Slopes of Mountains and in the 

Depths (»f the Sea 167 

Chapter XIll. — Geological Labours of certain Animal Species. — Coral Roofs and 

Islands 173 



CONTENTS. 


IX 


BOOK III.-EARTH AND MAN. 

Chapter XIV. — The Influencp of Nature on the Destiny of Mankindi— Antiquity of 
tho Dumun Race on tho Earth. — Monogenists and Polygonists. — Fusion of 
lluman Races 

Chapter XV.— Influence of Climate.— Tropical Zonei — Frigid Zone. — Temperate 
Zone 

Chapter XVI.— Influence of the Raised Outline of the Earth on Mankind. — Table- 
landS) Mountains, Hills, and Plains 

Chapter XVII. — Influence of the Sea and Running Waters.- Travelling and Com- 
mercial Nations. — Islands and Islanders - . . 

Chapter XVIIT. — Blending of different Climatos.-^-Thc Influence of Civilization on 
tho Features of a Country 

(Jhapteb XTX.— The Course of History.- Harmony existing between Countries and 
the Nations inhabiting them 


BOOK IV.-THE WORK OF MAN. 

Chapter XX. — Reaction of Man on Nature. — Exploration of the Globe.— Voyages 
of Discovery.- Ascoiitb of Mountains 

Chapter XXL — Reclamation of the Earth by Cultivation. — Ancient and Modem 
Irrigation 

• 

Chapter XXII. — The Culture of Marshes. — Drainage of the Ground in the Country 
and Towns 

Chapter XXIIL— Tlie Draining of Lakes and Inlets of the Sea. — The Lake Craais, 
the Lake of Fucino, the Sea of Haurlom, the Zuyder Zee.— Polders.— Tho Puri- 
fication of Saline Marshes 

Chapter XXIV.— Dikes on the Sea-shore. — Points of Defence.— Pointc-dc-Grave . 

Chapter XXV. — Natural and Artificial Ways of Communication. — Sen-shores, 
Deserts, and Savannahs. — Rivers, Canals, and Railways.— Bridges and Viaducts. 
— Tho Cutting through Ihlliinuses.— Iho Suez Cunul. — The Isthmuses of Cen- 
tral America 

Chapter XXVI. — The Industrial Power of Man.— The Electric Telegraph. — Pos- 
sessioD taken of the Scu.— Cultivation of Oysters 

Chapter XXVII.— Comparative Harmlcssness of Hurricanes — Prevision ofW'ea- 
tW.— Modification of Climates effected by the Labour of Man 

Chapter XXVIII. — Influence of Man on the Flora and Fauna of a Country.— En- 
croachment effected by the more Common Species.— Extension given by Agricul- 
ture to certain Cultivated Species 

Chapter XXIX. — Influence of Man on the Beauty of the Earth. — Disfigurement 
and Embellishment of the Land. — The Diverse Action of different Nations — 
The Appreciation of Nature.— The Progi ess of Mankind . . . . 


PAGE 

188 

190 

202 

210 

215 

221 

228 

233 

238 

243 

253 

262 

273 

280 

287 

294 



LIST OF COLOUllED ILLUSTRATIONS. 

SECTION 11. 


TO PACIJ I'AOn 

Rain Mai* or the Would RU 

Iboqonic and Ihoclinio Lines 04 

IfioTiiEiiMAL Lines or the rAi irir 78 

Winter Ihotkeemal Lines oi the NoRTiiriiN IIemiptiii.iie .... 81 

Isothermal Liner in the Nohtuern lliMu-riiLiiL in Jam aii\ and Ji . . 80 

FoHESTh or the Vohoeb .* 100 

Saiigasho Sea 112 

Great IUruier llEErs, Torueb Stuaitp 184 

Grlctan AuciiirELAGo 224 

Unexplored Regions hound the Pole 2ii0 

Depenbive Works at Point dl Grave ... 200 

Parses or the Maurienne ' 207 

Isthmus of Suez. 270 

Lsthmub of Central America .... 272 



THE OCEAN; 

THE ATMOSPHERE, METEORS, AND LIFE. 

PART II.— THE ATMOSPHERE AND METEOROLOGY. 
BOOK IIL-CLOUDS AND BAINS. 

CHAPTER XIII. 

THE VAl’OUB OF WATER. — THE MOISTUEE OF THE ATH. — ABSOLUTE MOISTURE AND 

RELATIVE MOISTURE. 

The air which moves and is mingled incessantly at the surface of 
the earth in breezes or in tempests, in whirlwinds or in cyclones, is 
at the same time the great agcfnt for distributing the vapour of water. 
Owing to the movement of exchange which is established from one 
pole to the other between all the regions of the atmosphere, the 
water which evaporates from oceans, rivers^ and inland lakes, dis- 
tributes itself over all the countries of the globe, and even over the 
deserts. While the liquid sea washes only parts of the land, a secomf 
sea borne by the atmosphere floats often invisibly over the circum- 
ference of the planet. 

Above every sheet of water, and even above ice, vapour is alwa 5’8 
formed, provided that the air be not already saturated ; that is to sa 3 % 
that it does not contain exactly the quantity with which it may be 
mixed without there being a precipitation of moisture. This limit of 
saturation varies with the temperature. At 4 degrees Fahr. below 
zero, a cubic yard of air can hardly contain more than 15 grains 
Troy of vapour ; at the temperature of melting ice it cannot re- 
ceive more than 7 grains of moisture ; from 60 to 86 degrees Fahr. 
the number of grains that it absorbs corresponds nearly to the divi- 
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sions of the thermometric scale ; but above 80 degrees the capacity of 
air for the vapour of water increases in a much more rapid manner. 
At 212 degrees Fahr. * the atmosphere can absorb its own bulk^ the 
tension of water becomes equal to that of air, and th^ phenomenon 
of ebullition is produced ; that is to say, the vapour in formation 
counterbalances all the atmospheric column situated above. 

The vapour increases in the atmosphere in proportion to the in- 
crease of temperature ; such is the true meaning of the vulgar adage 
which attributes to the sun the power of ** pumping up the waters of 
the sea^’ to form clouds. Still the same increase of atmospheric heat 
over two sheets of water of equal temperature does not neces- 
sarily produce the same quantity of vapour ; the agitation of the 
air is also one of the most important elements in assisting evapor- 
ation. In short, lot the atmosphere be perfectly tranquil, and 
the portion which reposes above the waters will be soon saturated 
with moisture, and will not be able to absorb any more ; but let 
the aerial bed already charged with vapour be carried away by the 
wind, and replaced by a new stratum of dry air, this will likewise 
take its share of humidity, then those which follow will be saturated 
in their turn, and the phenomenon of evaporation 'mil advance the 
more rapidl}^ the more violent the current of air itself is. We know 
with what speed the dry winds harden tlie fields and wet roads ; one 
would say that they lick the ground, so rapidly do all the pools of 
water disappear. 

After having thus facilitated evaporation on the sheets of water 
and moist parts of the continents, the winds transport vapour into the 
various countries of the earth, and mingle it with dry air, so that 
nowhere, even at thousands of miles from the ocean, is the air com- 
pletely destitute of moisture. However, wo easily understand that 
Ihe quantity of vapour is not at equal temperatures distributed 
in a uniform manner. In open sea the atmosphere is always very 
near the point of saturation even when the clouds do not threaten to 
discharge rain, and consequently the vapour contained in the sea 
atmosphere diminishes pretty regularly from the equator towards 
the poles, following the isothermal curves.* On the shores bathed by 
the moist air of the oceans, the proportion of watery vapour dimin- 
ishes likewise in a normal manner on both sides of the equator, j^ut 
in the interior of the continents, where the distribution of lakes, 
rivers, and mountains presents such a great variety, and where the 
winds follow such different paths, the atmospheric vapour is also dis* 
* 6oo below, the leotion entitled, ClimateB, 
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tributed very unequally. While the air is almost always either satur- 
ated with vapour, or very near the point of s|^uration, above England 
and Ireland, in the steppes of Central Asia it is of an extreme dry- 
ness, and usually it contains only from 15 to 20 per cent, of the 
vapour which it could absorb. On an average the atmosphere of the 
continents contains three-fifths of the moisture which it would hold 
if it were completely saturated in all its extent.* This proportion is 
that which the surface of oceans or basins of evaporation, compared to 
that of the dry land, would have led us to suppose beforehand. 

When the atmosphere contains all the moisture which its temper- 
ature can bear, the least particle of supplementary vapour is suflBcient 
to determine the precipitation under the form of drops of a part of 
the vapourized water ; either a mist or cloud is produced, and it begins 
to rain. Inasmuch as the point of saturation varies in every country 
and at every season according to the oscillations of heat and cold, it fol- 
lows that the same quantity of water contained in the atmosphere does 
not detormino the formation of rain at two different temperatures. The 
same proportion of moisture which, during the winter, completely sat- 
urates the cold air, and falls in snow to the ground again, would be very 
small in the heated atmosphere of summer, and the aerial mass that 
should contain it would leave an impression of dryness ; in the same 
way a wind, such as the scirocco, for example,. would be dry in a warm 
country like Barbary, and become moist on the cold mountains of the 
Alps.f It is, therefore, important to distinguish clearly betwelh 
absolute moisture and relative moisture. The first may increase 
gradually, while the second diminishes ; and though the air then would 
contain an increasingly greater proportion of atmospheric vapour, it 
would not the less appear little by little to become drier. 

This is, indeed, what takes place every day, as is proved by the 
long observations of the meteorologist Kdmtz. In the morning 
towards sunrise the temperature of the atmosphere is at its lowest, 
and it is precisely then or a little later, because of the vapours from the 
sun, that the air approaches the point of saturation. In proportion 
as the heat and absolute moisture increase, the relative moisture di- 
minishes, and then rises again when the sun sinks towards the horizon, 
and the temperature falls. Such is the contrast observed in a normal 
manner in the temperate countries of Western Europe. When the oppo- 
site phenomenon presents itself, the cause is due to some great atmo- 
spheric disturbance, but the regular oscillations of moisture do not fail 
to re-establish themselves. The only regions where the air approaches 
* Saigey, FstiU Physique du Olohe, f See above, p. 263. 

B ♦ 2 
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the point of saturation in the warmest hours of the day, are the high 
peaks towards which tl^ vapours of the plain rise. Thus, while at 
Zurich, at the foot of the mountains, the relative moisture is, on an 
average, much less in the afternoon than in the morning, the exactly 



Fiff. 124 — VariationH in th<' n.vpwmelrio dogroca at Zurich and Faulhoni. 


contrary phenomenon occurs on the Eaulhom, whose high peak is often 
enveloped in clouds. 

During the various seasons of the year, the sucessive variations of 
which reproduce on a larger scale the progress of the day, the absolute 
moisture and relative moisture present the same*' contrast as at the 
corresponding periods of the day ; in proportion as the heat increases 
and the quantity of watery vapour becomes greater, the air retreats 
f^jgm the point of saturation, and seems in consequence to become 
dryer and dryer. This is shown by the accompanying figure borrowed 



from a work by Eamtz. Still it is necessary to remember that these 
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curves represent only averages, and that in reality the oscillations of 
the atmospheric vapour are much more ooDd{)licated. In fact, every 
variation of temperature, every change of wind, modifies, either by 
slow gradations or by abrupt shocks, the condition of the air with 
respect to watery vapour ; dryness, moisture, and saturation succeed 
each other rapidly. Sometimes in a single day one can count a dozen 
showers and clearings up of the weather. The curves which should 
then represent the hygrometric state of the atmosphere would be very 
complicated. 
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CHAPTER XIV. 

FORMATION OF MISTS AND CLOUDB.—IIEIGHT, THICKNESS, FORM, AND ASPECT OP 

CLOUDS. 

When a mass of air resting on tlie ground becomes super-saturated 
with moisture, a certain portion of the vapour is immediately con- 
densed in whitish drops, which by their multitude completely veil 
or hide all objects, and only allow a dim light to pass through ; these 
innumerable drops constitute mists. They are clouds still attached to 
the earth and creeping along the plains or up the slopes of mountains. 
They are formed more especially in the night because of the chilliness 
of the atmosphere ; often we see them rise in the evening from 
marshy surfaces and damp meadows. When a ^^Id wind descends 
from the heights of the air, and retains moisture in its lower strata, 
the mist becomes permanent^ and may lust for days and even whole 
W'eoks. frequently the sky is pure at a slight elevation above these 
vapours, and from the top of a summit which rises into free air we 
may then contemplate at our feet a great white sea, whence the hills 
spring up here and there like islands. 

The clouds properly so called are mists, which, instead of remaining 
attached to the ground, float suspended in the atmosphere at various 
heights above the earth. Whence comes it that the vapours imparted 
to the atmosphere by the surface of the waters mount thus into space P 
Such is the question which presents itself naturally to all inquiring 
minds, and which has formed the subject of many mythological fables. 
The discoveries of modern natural philosophy have resolved this great 
problem in a general manner. It only reidains now to elucidate certain 
secondary points. 

In consequence of the gradual decrease of temperature which 
the superposed aerial strata generally experience on leaving the sur- 
face of the ground, the weight of the vapour in the atmosphere is 
much less in the higher regions than below. It results from this, that 
the expansive power of the moisture contained in the lower stratum of 
air is not balanced by the pressure of all the particles lying above it. 
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The vapour from below rises, therefore, to the upper spaces, as a cork 
to the surface of the sea, till it has at last penetrated into a colder 
region of air, where it finds itself at its point of saturation, *and* is 
condensed in drops.* Every cloud that we see in the sky is, therefore, 
according to Tyndall's expression, only the visible summit of an 
ascending column of vapour rising into the transparent atmosphere. 

The condensed particles of vapour are at first extremely fine ; but 
the air is never in repose, and the drops carried to the right or left 
by partial currents meet and unite in larger globules. On an average, 
as the measures taken by Kumtz confirm, the diameter of the first 
liquid particles is so small that no less than from 25 to 30 are needed 
to make *04 of an inch of thickness. But hundreds and thousands of 
them driven one against the other unite in smaller or larger drops, and 
when the drops at last reach the ground they are not less than a '02 
of an inch in size, or even more. While they arc still as fine and even 
lighter than dust, they are the playthings of the aerial currents, which 
toss them, take them up as they fall, and carry them far away. 
Clouds of vapour are carried through space as the heavier eddies of 
sand from the plains very often are. Then when the drops, constantly 
growing larger by the union of the particles dashed against each 
other, have become too heavy to allow themselves to be carried along 
like dust, they fall obliquely to the ground. According to the tem- 
perature, the force of the winds, and thickness of the clouds, they are 
cither fine rains, showers, or real deluges. 

Even when the atmosphere seems to be perfectly calm and no wind 
is blowing, it often happens that the clouds do not the less remain at 
a great height, as if they were lighter than the surrounding air. 
This is because an alternate and continued play of condensation and 
evaporation is then occurring in the thickness of the clouds and in- 
visible vapours. The drops of rain already formed really fall from 
the cloud, but in the lower strata not yet saturated they are vapour- , 
ized again ; then mounting a second time towards the colder cloud, 
they are again condensed there, and in consequence their movement of 
descent recommences. A perpetual coming and going of particles of 
vapour visible during their fall, and invisible during their ascent, is 
thus established on the lower surface of the cloud, which itself 
changes in dimensions and form, according to the least variations of 
the temperature. If the heat increases, the cloud will bo gradually 
decreased ; i^ the air become a little colder, tho haze of drops will 
increase in volume. There are few sights which exceed in beauty that 
♦ Saigey, Pvtite Physique du Globe. 
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which is presented by a fine calra summer’s afternoon with clouds 
alternately formed and dissolved in the azure of the sky** We first 
see a eSmple fiake of vapour similar to a white bird floating in space ; 
but this flake grows, spreads, and is surrounded by undecided 
streamers ; it is now a cloud still semi-transparent, allowing us to see 
the blue of the air through its rifts ; then it is a real cloud developing 
its folds over the arch of the heavens. But let us look a few instants 
afterwards, and already the cloud is destroyed, perhaps it has divided 
into numerous fragments which become smaller and smaller, are tom, 
scattered, melt, and disappear ; wo think we see them still, but it is an 
illusion for the sky has resumed its blue. At other times, on the con- 
trary, the first cloud that we have seen rise does not remain isolated ; 
new masses of vapour are condensed around it, and the space is 
gradually filled with fioating clouds, which approach one another, 
join, and agglomerate ; and soon the sky, which seemed entirely free 
from vapour, presents in ewery part a thick stratum of clouds formed 
on the spot by the chilling of the atmosphere, and the condensation 
of the particles of moisture. 

The height at which the clouds arc formed and sustained varies in 
every season and country, according to the temperature and direction 
of the winds. There are some, especially among the clouds chased by 
tempests, which touch the tops of buildings or trees ; others float at 
many hundred yards of elevation ; others, again, are level with the 
highest points of mountains, and all the aeronauts who have passed 
the summits of the great peaks in their ascents, have seen strata of 
cloud far above their heads. M. Liais estimated a height of 7\ 
miles for the most elevated mass of vapours, the dimensions of which 
he took astronomically. This is an altitude exceeding by nearly two 
miles that of the highest mountain of the earth, and undoubtedly 
many clouds mount much higher still in the upper strata of the 
atmosphere. As to the mean elevation of the zone where the vapours 
are condensed, it seems to vary in the countries of Western Europe 
between IJ and 2 miles ; it would therefore exceed the Vosges 
and mountains of Auvergne, and would only be overtopped by the 
ridge of the Pyrenees and the peaks of the Alps. Besides, this zone 
is necessarily variable because of the changes of temperature: it is 
higher in summer, and lower in winter. 

As to the thickness of the strata of clouds, it is no less various than 
the height at which the vapours are condensed. There exist clouds of 
all vertical dimensions from the thin, transparent veil which allows the 
light of the stars to pass through, to those enormous masses, super- 
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posed in strata 3 miles in thickness, like those that Barral and Bixio 
traversed in 1850. M. Peytier has found, by 48 measurements taken 
in the Pyrenees, that the thickness of the cloudy strata was on an 
average from 490 to 550 yards. According to Fiazzi Smyth, this 
thickness is ordinarily 330 yards round the Island of Teneriife, where 
the meteorological phenomena generally present great regularity. 
Besides, it frequently happens that several layers of clouds mount 
one above another in the heights of the sky, and the total thick- 
ness of the masses of condensed vapour over one point of the earth 
is thus much augmented. These superposed strata of clouds are 
are often due to the aerial currents and counter-currents which blow 
in opposite directions at various heights. But often, too, when the 
air is perfectly calm, we see some of those cloudy layers divided 
vertically in the atmosphere. This is because the lowest stratum, once 
formed, constitutes for the upper spaces a sort of sea the moisture of 
which evaporates under the rays of the sun, like that of the ocean or 
lakes situated below. The moisture changed thus into invisible 
vapours condenses in the colder air at a certain height, and forms a 
second stratum of clouds, W’hich in its turn originates a third and 
more elevated layer.* 

In consequence of the different causes which give rise to vapours, 
the clouds assume the most varied appearances over the land, tho 
sea, and even the rivers. It is said that the red men, those sagacious 
observers of all the phenomena of nature, knew, whilst they yet 
ranged tho central plains of North America, how to recognize from 
afar tho course of the Mississippi by the form of the clouds stretching 
above tho river in elongated strata. Still it is principally round the 
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outline of the islands of the ocean that we can best observe this differ- 
ence between terrestrial and maritime clouds. At Teneriffe the con- 
* Saigoy, Pftite Physique du Globe. 
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trast occurs in the most striking manner. In summer the great white 
sheet of clouds which the trade-winds carry along, is developed 
uniformly over all the oceanic spaces. But in calm weather this bed 
of clouds terminates at a certain distance from the opposite flanks 
of the peak of Teyde, in a kind of escarpment from 600 to 900 
feet high. Within this circle formed by the oceanic clouds the 
land is surrounded by its own zone of steaming vapours ; these 
latter, much lower than the larger clouds of the sea, attach them- 
selves to the slopes in long fringes, moved in a very different way 
from that of the exterior zone, and quite distinct by the colour and 
form of their folds. Piazzi Smyth, who was able thoroughly to 
study the phenomena of these various strata for many months, com- 
pares the terrestrial clouds of Teneriffe to that of land-ice which is 
formed around the islands and polar continents, and which constitute 
a solid platform, while the ice-fields in the open sea are broken by the 
currents, and carried away in fragments. 

Meteorologists have attempted to class the clouds in various cate- 
gories according to their exterior appearance, but this is a very diffi- 
cult undertaking, because of the infinite variety of forms, and the 
extreme mobility of the vapours which float in the sky. However, 
they have generally adopted Howard^s classification, according to 
which the clouds are referred to three great types, the cirrus, the 
cumulus, and the stratus, which mingle variously with each other, and 
thus produce secondary combinations bearing the names of cirro- 
cumulus, cirro-stratus, and cumulo-stratus. These are, however, for 
the most ’part conventional divisions, which every meteorologist can 
modify at his pleasure, and Fitzroy has added ten varieties to the 
types and sub-types of clouds indicated by Howard. 

The cirri are small white clouds, as fine as carded wool or plumes 
of feathers ; these are the cats-taih of sailors, and are always perceived 
at a great height in the sky. According to Kiimtz, their mean alti- 
tude is not less than 4 miles above the highest mountains and 
most elevated spaces to which aeronauts have attained. Those slender 
cloudy filaments are still found, most often arranged in parallel rows, 
in the same direction as the trade-winds or counter trade-winds, which 
indicates the regularity of the aerial currents in the heights of the 
atmosphere. The cirri are formed of icy particles, as natural philo- 
sophers have been able to ascertain by the luminous phenomena of 
reflection and refraction which occur in them. When the cirrus 
sinks and the crystals of ice are melted, the cloud gradually under- 
goes a modification of appearance, and changes into the cirro-stratus 
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or cirro-cumulus. In the first case^ its light whirls are mixed and 
confused in a cottony and greyish mass, prognostic of approaching 
rain ; in the second the sky is filled with those little dappled clouds, 
which by contrast give to the blue of the air such a beautiful hue. 
According to popular legends, these are flocks of sheep grazing in 
aerial spaces. 

The cumulus which seamen distinguish under the name of cotton 
bale ” is distinguished from the cirrus by its origin no less than by 
its aspect. Instead of having been brought from very distant regions 
by the wind, it has generally boon formed on the spot by the condens- 
ation of ascending columns of vapour. We see this sort of cloud 
piled on the edge of the horizon, in enormous rolls with clearly 
defined outlines; one might sometimes think them to be gigantic 
chains of mountains, whose rounded white summits stand out against 
the deep azure. Their base is almost always horizontal, and spreads 
widely in an immense layer, indicating the precise zone of space 
where the invisible vapours coming from below are condensed into 
mist. The heavy cumulus, charged with an enormous weight of 
moisture, never rises to the same height as tho cirrus, and hardly 
exceeds two miles in elevation ; tho highest which M. Liais measured 
was at 2 miles. It mingles variously either with the cirrus or 
stratus ; that is to say, with those bands of clouds disposed in the sky 
in long sweeps or parallel strata. This form is what the mists most 
frequently affect on detaching themselves from the ground, but it 
must be said, also, that clouds in reality most distinct resemble 
“ stratus ” when they are seen in perspective on the distant horizon. As 
to the “nimbus’^ of which some meteorologists have wished to make a 
special type, it is simply a rain-cloud which is developed in the sky 
and breaks into showers. 

By the marvellous diversity of their forms, clouds are one of the 
great beauties of tho atmosphere. Among all the images, whether 
fearful or graceful, that the fancy of man can dream of, there is not one 
which is not to be found in the vapours of space. By their fugitive out- 
lines clouds resemble flights of birds, eagles with outstretched wings, 
groups of animals, reclining giants, and monsters like those of fable. 
Other clouds are chains of mountains with snowy summits; others, 
again, represent immense cities with gilded cupolas.. Poets see in 
these groups distant archipelagos, where the happiness so much 
sought for, and which does not exist on this earth, is to be found. 
Superstitious people, often pursued by the terror of their own crimes, 
see in them bundles of weapons, war-horses, armies in battle-array, 
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and massacres. The light playing in this fantastic world of images 
increases still more their astonishing variety ; all imaginable shades 
shine over those floating bodies from snowy whiteness to fiery red ; 
the sun colours them successively with all the graduated tints of 
dawn, daylight, and sunset ; meadows and forests are reflected there 
in greenish tones, and the sea itself is reproduced vaguely by a 
colour of metallic brilliancy recalling that of copper or steel. 
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CHAPTEB XV. 

INFLUENCE OF THE WINDS ON THE FOBMATION OF SNOW AND BAIN.— DISTRIBUTION 
OF BAIN OVER PLAINS AND MOUNTAINS. 

Every aerial stratum containing aqueous vapour to the very point 
of saturation, must necessarily let fall to the ground a certain 
quantity of drops, which are the cloud itself. If the air were 
perfectly calm these precipitations of moisture would always occur in 
a slow and continuous manner ; the earth, enveloped in a constant 
mist, would, however, never be watered by heavy rains. Neverthe- 
less, in almost all the countries of the world clouds and showers fol- 
low fine weather, and fine weather succeeds to rain, owing to the 
winds which meet in space and mingle air and moisture variously 
together. They purify the atmosphere from the superabundance 
of its vapours, and determine the formation of those sudden rains, 
without which the circulation of the waters and the general move- 
ment of life would be much less rapid on the surface of the globe. In 
fact, when two aerial masses unequally heated come in contact with one 
another and mingle, the temperature of the warmest suddenly sinks ; 
its capacity for holding vapour diminishes in consequence, and the 
moisture which it contains must be precipitated in rain. It is true 
that on its side the coldest wind is warmed and saturated by a greater 
quantity of vapour. But there is no compensation in this, for the 
point of saturation in the aerial strata is not exactly proportioned to 
the temperatures. If the two masses mingling assume a mean tem- 
perature between the two extremes, on the other hand, the capacity 
for holding vapour falls relatively below this average. Hence the 
immediate effect of precipitation which occurs ordinarily at the time 
of the conflict of the winds, and especially at the mingling of the 
counter trade-winds, loaded with moisture, and the cold winds coming 
from the pole. It is then that we see clouds amass themselves so 
rapidly in the sky and fall suddenly in violent showers. A few hours, 
sometimes even a few minutes, are sufficient for the blue of the air 
where the two winds meet to be hidden by the dark folds of storm- 
clouds. • 
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At the Paris obserratory, it has been ascertained that the quan- 
tity of rain falling on the terrace of the building at 91 feet high 
is always less than the quantity of water collected in the courts 
situated below. This is because, in traversing the atmospheric strata 
saturated with moisture, each drop enlarges itself on the way by 
other scattered droplets, and continually brings back to the earth 
the pluvial moisture which has evaporated. Perhaps, too, we ought 
to see in this increase of precipitation only a local fact, and attri- 
bute it in great part to an eddy of the drops in a kind of funnel 
formed by the courtyards of the building. At Paris the difference 
between the respective quantities of rain which fall on the terrace 
and into the court is about 2‘4 inches ; at the summit of the edifice 
the annual depth of rain is 19 ‘7 inches, while at the base this depth 
rises on an average to 22 inches. At Berlin the respective quantities 
of pluvial rain which fall on the roof and in the courtyard of the ob- 
servatory are a little less, but the difference is also about a ninth. 

Still we must not conclude from these facts that rains are less 
abundant on the mountains than in the countries lying at their foot. 
On the contrary, as the densest clouds always float at a considerable 
height above the low plains, it results from this that the most abund- 
ant rains fall on the slopes of the mountains. Driven by the wind, 
the moist masses strike against the cold rocks standing up across their 
route, and turn to rain; the ravines and gorges are filled, while 
the lightened clouds mount the sides and cross the chain of mountains 
by the passes opening between the summits. This is a phenomenon 
which we can easily observe from the height of an advanced promon- 
tory, when the rain-clouds roll towards the mountains. Even when the 
lower plains do not receive a drop of rain the sides of the mountains 
are inundated and the torrents swell. Arriving in blackish or copper- 
coloured masses, which one would think were solid as rocks or metal, 
the clouds disappear in light greyish vapours ; long after they have 
passed a transparent mist may be seen hanging to the bushes and 
tree-tops. This is the superabundant rain which evaporates. 

Among the causes which determine a greater precipitation of 
moisture on the mountains than on the plains below, we must also 
reckon the difference of temperature usually existing between the 
summits and the surrounding atmosphere. During the day the 
slopes exposed to the warmth of the sun are more heated than the 
surrounding air, at least in calm weather ; but the ravines often 
remain much colder, and consequently the contact causes rain to fall 
by suddenly chilling the atmospheric strata. During the night, and 
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and at all times when the wind blows violently, *the salient angles of 
the mountains become in their turn much colder than the sheltered 
gorges, and it is they that condense the mists of the air and cause 
the rain. How many times in mountainous countries, when the sky 
is perfectly clear and blue, do we not see the high peaks enveloped 
in a mist like the smoke of volcanoes ! These clouds which we per- 
ceive around the summits are found in warm air in the state of 
invisible vapours ; it is the cold contact of the rocks or snows which 
has suddenly revealed them. The mountain peak thus announces to 
the inhabitants of the valleys that the atmosphere is saturated* with 
vapours, and warns them of an approaching change in the temper- 
ature. The mountains thus constantly serve as meteorological indi- 
cators to the neighbouring population, and in each mass of heights 
they always look towsM'ds one of the largest peaks, to see if it has 
‘‘ put on its cap ” of clouds. 

Direct observations collected in various parts of the world have 
demonstrated that, all other things being equal, the annual precipita- 
tion of rain-water is in proportion to the altitude of the country, at 
least, to a certain height in the mountains. According to Keith 
Johnston, the average rainfall for the plains would be 22*6 inches 
per year in Europe, and for the mountainous districts, about 51 
inches ; this is about the proportion which is observed in Alsace. 
In the valley of tho Ehine the quantity of rain is on an average 
from 22 to 22-8 inches in the year, while on the high Vosges it is 
from 43 to 47 inches.* Alsace therefore is in this respect a re- 
Bumd of the entire continent. The Jura, arresting the passage of 



Fig. 127.— lUtiifkll on the two tides of the valley of the Sa6iie. 

the winds which bear the vapour drawn from the ocean, forces them 
also to let fall their burden of moisture. By tracing a transverse line 
* Ch. Orad, Epirologie de VIll 
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to the Talley of the Sadne from the heights of Charolais to the mount* 



Fig. 12S.- Altitudea along the sides of the valley of the Sa6ne. 

ains of Jura, M. Fournet has ascertained that the annual precipita- 
tion increases tolerably regularly with the altitude ; from 27*4 inches 
on the right bank of the Saone it increases gradually to the parallel 
wall of the Jura ; on the western side it becomes greater with the 
altitude, and thus from the height of the ground we could estimate 
the mean quantity of rain. 

On the southern .slope of the Cevennes, where the winds blow 
with such violence because of the rapid variations of temperature 
produced by insolation and radiation, the diflPerence which is ob- 
served between the annual falls of rain is still more considerable 
than at the foot of the other mountains of France. Over the town 
of Arles the total precipitation is 17’7 inches ; but at some 60 
miles to the north the town of Joyeusc, situated in the valley of 
Ardeche, which overlooks the mountain rampart of Tanargue, re- 
ceived in 1811 as much as 67*6 inches, and the annual mean is about 
61 inches. On the 9th of October, 1827, enormous quantities 
(28*7 inches) of water fell there in the space of 21 hours, more than 
falls on an average on the soil of Franco during a whole year. lienee 
the formidable inundations of the Ardeche.* To the east, in the 
valley of the Rhfine, which the winds of the Mediterranean are able 
freely to ascend, the annual fall of rain is always much less. 

On that side of the Alps turned towards the plains of Italy 
analogous phenomena are observed. The mountains which close the 
Adriatic Gulf on the north receive twice, and in certain valleys even 
three times as much rain as the plains of Padua and the lagoons of 
Venice. But in Europe it is principally on the shores of the ocean, 
where the west and south-west winds bring such a large quantity of 
vapour, that the action of mountains, or oven of simple chains of hills, 
* Soe Thi Earthy the leotion entitled, Eiver%. 
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on the precipitation of moisture, is manifested in all its geological 
Importance. At Lisbon the annual fall of rain-water is hardly 27*6 
inches, while at Coimbra, in a valley indenting the interior, there 
falls on an average 135 inches of water, more than in most tropical 
countries. In the same waj^ the little mountains of Westmoreland, 
placed crossways to the kind of funnel which the Irish Channel forms, 
receive as much as 160 inches. In exceptional years this enormous 
quantity of rain-water is mqch exceeded ; and yet Liverpool, situated 
likewise on the coast of the Irish Sea, receives iq the same space of 
time 34 inches of rain, that is to say, only one-fourth or on^-fifth. As 
to the western coasts of Norway, which rise abruptly out of the sea, 
they are not exposed to less abundant rains than the hills of Borrow- 
dale and Kendal in Great *Britain. At Bergen the annual fall of 
rain is 105 inches, and ifndoubtedly other localities, whose fiords con- 
stitute real funnels where the wind from the open sea plunges laden 
with vapours from the Gulf-stream, are watered by a still more con- 
siderable quantity of rain. 

The countries of the world where the rain falls in the greatest 
abundance are probably the coasts of Malabar, those of Aracan, and 
the lower slopes of the Himalayas. There everything favours the 
quantity of water to be very abundant in the rainy season : tropical 
heat, an enormous basin of evaporation, and the height and direction 
of the mountain ramparts, which must retain the clouds, all assist to 
this end. The Indian Ocean, an immense cavity in which the waters 
arc incessantly revolving and the superficial evaporation of which is 
more active than that of all the other seas in the world, continually 
supplies the rain-clouds that the monsoon carries now towards the 
coasts of Africa, now towards those of Asia. There the ^mountains 
placed directly across the aerial current, force it to rise over their 
slopes, and thus to mix with the colder atmospheric strata. A real 
deluge results from this : black clouds charged with rain let fall their 
enormous burden, the valleys arc inundated, and the torrents changed 
into rivers. 

At Mahalabulechvar situated at 44G1 feet high on the western 
slope of the Ghauts, the annual average of rain ascertained during . 
a period of 40 years is 275 inches. At B e ndi g li epfy at the same alti- ^ 
tude, on the Garrow mountains, to the south of the valley of the « 
Brahmapootra, the quantity of rain discharged annually by the clouds 
is much greater, — it is 550 inches ; that is to say, it rains almost as 
much during the twelve months as at Alexandria during a century ; 
in the single month of July, 1857, as much as 148^ inches fell there* 



18 


THE ATMOSPHERE AND METEOROLOGY. 


It is probable that those enormous rainfalls have been even ex- 
ceeded in several valleys of the Himalayas, for Thomson and Hooker 



Fig. 120.— Coinparaiivo amounts of rainfall. 


speak of a locality where iho rain is not leas than 470 inches in seven 
months, and where a temporary deluge of four hours, similar to the 
breaking of a waterspout, covered the ground with a liquid sheet 
estimated at 30 inches deep. In a single shower, therefore, this 
valley of the Indus had received proportionately as much water as 
France receives during a whole year. According to Cleghorn, the 
average of rain on the coast-lands of India was only 42*5 inches, 
scarcely the eighth part of that which falls on the mountains of 
the interior. It is from the enormous precipitation of moisture 
from the clouds brought by the monsoons, that the base of the first 
counter-forts of the Himalayas are bordered with the unhealthy zone 
of the “ TcroiV* whose jungles travellers arc obliged to pass rapidly, so 
as to escape by dint of speed from fever and death. 

Nowhere certainly in other regions of the torrid zone is the pre- 
cipitation of rain favoured in so remarkable a manner. On the slopes 
of the Kiliman’djaro it rains almost every day during ten months ; 
but the traveller, Von der Decken, who was the first to ascertain this 
meteorological fact, does not say that the rains fall as abundantly 
as in India. In the Gulf of Guiuea the monsoons, which are pre- 
cipitated towards the continent, meeting with but few mountains 
that present an obstacle, carry their rains far into the interior of 
Africa. The Antilles have not enough breadth to hinder the winds 
and clouds from deviating obliquely to right and left, and the greatest 
annual quantities of rain that have been ascertained there in the high 
mountain gorges do not attain 390 inches, which is 1^5 inches less 
at Saadifikttaay. On the coasts of Columbia the chain of the 
TAndes, relatively but little clevatod and here and there interrupted 
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by wide valleys, presents itself obliquely to the direction of the 
trade-winds; but in the funnel of the Gulf of Uraba and in the 
almost impenetrable forests of the province of Ghoco, the rain falls 
in truly prodigious quantities, hardly inferior to those of the Himalayas. 
It is to this enormous precipitation of moisture that the Atrato, a 
river relatively insignificant by the length of its course, rolls along a 
quantity of water greater on an average than that of the largest 
rivers in Europe.* 

Whatever may be the difference bct\fcen the rains in various cli- 
mates, this phenomenon of a greater abundance of rain on the slopes 
of the mountains than in the plains, is a general fact over all the earth. 
We observe it in India as in Europe, in Patagonia as in the Antilles. 
Still we must not conclude from this that the precipitation of moisture 
increases in an indefinite manner in proportion to the height of the 
mountains, and that the summits always receive the greatest quantity 
of water under the form of snow or rain. On the contrary, it is 
certain that above the zone where the thickest clouds generally float 
the rain diminishes by degrees. The want qf precise observations 
prevents us from indicating the average height of this zone in the 
various countries o| the world, and consequently we cannot yet deter- 
mine’ the laws of distribution of rain in a vertical direction. But 
methodical researches on the movements of the clouds will little by 
little furnish all the elements necessary, and will allow us sooner or 
later to point out on each mountain slope the spot where the greatest 
quantity of vapour will every year be transformed into water. 

In the Alps of Switzerland this zone of the greatest precipitation 
is tolerably high, for the total bulk of snow-water and rain which 
falls annually at the pass of Great St Bernard exceeds by more than 
30 inches that which is collected at Geneva, at the foot of the moun- 
tains. Below it is only 32*5 inches, while on the snowy pass it is on 
an average 79 inches. Figures are wanting to establish the fact that 
on other mountain chains the elevated slopes receive a much loss 
quantity of water than what falls in the valleys opening half-way up. 
But this is a phenomenon not the less certain, owing to the re- 
searches already made on the mean height of the clouds. As to the 
mountain slopes which are not struck by the rainy winds, and the 
plateaux surrounded by terraces, they only receive in general a very 
slight proportion of rain, and a number of them are, owing to 
want of water, transformed into real deserts, f The peaks which 

* See Th9 Earthy the section entitled, Eivera, 
t See below, p. 81. 
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rise above the atmospheric currents arrest the clouds en roate, and 
only allow dry win^ to pass. Thus the plateaux of Castile are 
only traversed by meagre rivulets, while through every valley of 
the Cantabrian Pyrenees there flows a pretty considerable river. 
It is the same in Columbia ; on the abrupt coasts which the trade- 
winds strike against, the mean depth of rain-water is estimated at 
81 inches per year, and on the plateaux of the interior it appears to 
be only 41 inches. At Bogota, in tho centre of the plateau of Cun- 
dinamarca, it is 43‘<’) inches, hardly as much as on the high Vosges in 
the temperate climate of Europe.* Finally, tho rain which falls on 
the high plains of the Deccan on the eastern slope of tho Ghauts, would 
be considered insuflicient in most countries of Europe, where how- 
ever the evaporation is much less than in Ilindostan. At Poonah, 
situated on the plateau immediately to tho east of the mountains 
which overlook Bombay, the annual fall of rain is only 23*5 inches. 

* Agostino Codazzi, Culdas, llliiigwurth. 
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CHAPTER XVI. 


mOPICAL RAINS.— RAINY AND DRY SEASONS. — PERIODICITY OP BAINS. 

The form and relief of lands, as well as the situation which they 
occupy relatively to the extent of ocean, arc not the only facts that 
influegice the greater or smaller precipitation of rain in various 
countries ; we must also take temperature into account. All other 
things being equal, it rains more in a country the nearer it is to the 
equator, for the evaporation increases with the heat of the sun, and 
consequently the condensation of moisture produced by the conflict 
of the winds returns a greater quantity of water to the earth. 
Hotter than the temperate zones, the tropical zone is also watered 
by more abundant rains, in the same way as the temperate zones 
receive proportionately more moisture in the shape of rain and snow 
than the two polar zones. 

Between the tropics the rains follow with tolerable regularity the 
apparent course of the sun, and the season during which they full 
to the ground is thus clearly defined. In fact, the trade-winds 
become charged with an enormous quantity of watery vapour in 
passing over the seas of the torrid zone ; but their temperature aug- 
menting in proportion as they approach the equator, they acquire a 
greater and greater capability of holding moisture, and preserve their 
relative dryness. Nevertheless, as soon as the regular winds from 
the south-east and north-east have arrived at their point of meeting in 
the equatorial zone, things suddenly change ; the two aerial currents 
mount together into the high regions of the atmosphere, their tem- 
perature is lowered, the vapour with which they are saturated con- 
denses, heavy strata of clouds are formed above the whole of the 
zone of calms, and are precipitated in floods of rain. The water fulls, 
indeed, in such great abundance that sailors are often able to collect 
from the surface of the ocean the fresh water that they need. The 
English navigators have given to these parts of the sea the expressive 
name of Bwamp^ as if the sea were changed into a sheet of brackish 
water ; for Frenchmen the entire region has become the PoUau-Noir^ 
protebly because of those sudden showers and irregular winds which 
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succeed to the downfall of the rain. The zone of clouds which 
extends thus in a rnoro or less continuous manner all over the ocean, 
is undoubtedly visible from the nearest heavenly bodies, and must 
resemble those whitish bands which our telescopes discover on the 
planet Jupiter. 

The movement of the zone of clouds with the course of the sun 
over the ecliptic, causes the dry and rainy seasons to alternate re- 
gularly in the tropical regions. Thus the Antilles and the Republics 
of the American isthmus are successively under iho great girdle of 
rainy clouds, and in the domain of dry winds. During the months of 
June, Jul}’, and August the sun, trailing beneath him the immense veil 
of vapours, is at the zenith of the countries near the tropic of Cj^ncer ; 
this is then the so-called winter-season or hiirrnage, vapours cover 
the heaven, and rain falls in abundance. As we may see by a com- 
parison of the rain at Vera-Cruz and on the northern coasts of the 
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Fig. 130.>-llnlii8 around tho Gulf of Mckioo. 


Gulf of Mexico, the quantity of rain that fulls exceeds by double or 
triple the average proportion of water received by the border 
countries situated beyond tho zone of “hivornage.'' In September, 
when the girdle of clouds has again passed southward, the trade- 
winds resume their normal march in the direction of the equator. 
They absorb the moisture of tho land and sea, and carry it further to 
thcr countries sheltered by the zone of clouds; then it is the dry 
season for the Antilles and Central America. 

In Columbia the year is divided iMo four periods, two dry seasons 
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and two wet soasoni, produced likewise by the oscillation of the rainy 
zone. During the winter of the northern hemisphere the girdle of 
calms penetrates into the opposite hemisphere, and extends in breadth 
from the 2nd degree of north latitude to the 5th degree of south 
latitude. When New Granada is still under the influence of the 
trade-winds from the north-east the sky is pure and cloudless ; this 
is the spring season, the tcratio; it rains only in the mountain valleys 
which cross the path of the winds. Towards the months of May and 
June, the girdle of calms is brought back to the north, and passes 
above the plateaux of Granada inundating them with rain ; thi# is 
the first hivernago, the invierno. But the cloudy masses continue 
their march towards the north, and stay only after having attained 
the 12th or oven the 15th degree of north latitude. Then the 
Columbian plateaux are outside the zone of precipitation for the 
second time, and subjected to the influence of winds greedy for 
moisture, which bring with them a new dry season. Finally, towards 
the months of November and December the girdlo of calms again 
crosses the latitude of Bogota, and the thirsty land instantly receives 
rain from the sky, till the wide band of clouds has disappeared in the 
direction of the equator.* • 

To the south of the countries where the two annual passages of the 
cloudy zone cause the alternation of a double winter and a double 
summer, phenomena analogous to those of the Antilles'and Guatemala 
occur. In the regions of the Upper Amazonos, as in Central 
America, there are only two seasons, the rainy and the dry, but 
these follow each other in inverse order : when it rains on one side, 
the sky is azure on the other, when drought prevails to the south, 
the lands ase inundated to the north. Besides, in both hemispheres 
the normal epoch and the abundance of the rains are variously modi- 
fied by the form of the coasts, the relief of the plateaux and mount- 
ains of the interior, and the alternations of the monsoons. Thus the 
great rains full in June and July at Calcutta, and at Anjarakandy on 
the coast of Malabar ; at Madras the maximum is in November. 

By a remarkable contrast, it is precisely at the time of the j’^ear 
when thjs heat ought' to be greatest that the tropical countries are 
most refreshed by the precipitation of abundant rains. Extending 
like an immense veil, the clouds protect the earth from the heat of 
the sun, which is then at its highest in the heavens. The winter- 
time, during which the temperature is often lower than in the warm 
season, is nevertheless the true summer from an astronomical point 
• • Maury, Orography of tJU Sm. 



24 


THE ATMOSPHEEB AND METEOEOLOGT. 


of view. We can judge of the influence which the tropical rains 
exercise on the temperature by the accompanying figure, the two 
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Fii; 131 —Amount of monthly niin>fallfi at Anjaralvnutly, Calcutta, and Madras. 


I lines on which represent — one the monthly amount of pluvial water 

' at Anjurukandy, and the other the thcrmometrical variulions. Thus 




the oscillation of the zone of clouds results in equalizing the annual 
heat, and tempers the ardour of a summer which might be in the 
whole of the tropical zone, what it is in the Sahara. It is true that 
often one feels more oppressed in the rainy season than in that of the 
great heat, because of the enervating moisture of the atmosphere. 

Besides, we must not think that during the tropical rains moisture 
is precipitated constantly or even frequently at all hours of day and 
night. On the contrary, in the greater part of the equatorial regions 
the rains obey a sort of rhythm. Ordinarily they only commence in 
the afternoon, because during the night and morning the atmosphol^ 
has not yet had time to be completely s.'Aurated with vapours ; but 
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when the air can no longer absorb any more moisturo, the storm 
breaks violently in the midst of Tapidly condensing clouds. On many 

Depths ofivafaer Jcng)cratiir< 



Fig 132.— Amounts of rain-fall at Anjarakandy, « ilh the correspondiiig tempcraturci 

points of tho coast-lino of the sea of the Antilles, in Columbia and 
Mexico, the sky begins to discharge its burden of rain towards two 
o’clock in the afternoon ; but the shower is expected, and all prepara- 
tions for shelter are made beforehand, and in the evening one may go 
out-of-doors again without fear. In tho same way in certain parts of 
tropical Drazil, the hours of the daily storm are so well foreseen that 
rendezvous can bo appointed at tho end of tho rain. Howevor, thero 
are tropical countries more abundantly watered where tho showers 
of each day last till a late hour at night, or even into the morning. 
On tho open soa where the immense surface of evaporation can con- 
tinually saturate the superincumbent atmosphere, tho rains have a 
longer duration than on land, and they often continue for whole days. 
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CHAPTER XVII. 

RA.INS BEYOND TUB TROriCtJ.— WINTER RAINS. — RAINS OP 8PBIND AND AUTUMN. — 
SUMMER BAINS.-- BAINS OF THE POLAR REGIONS. 

To the north and south of tho zone of tlie trado-winds tho rains, 
like the winds, present much less regularity than in the region of tho 
equatorial calms, both in the quantity of rain that falls and in the 
time and duration of the rainy season. It is in the northern hemi- 
sphere especially that the precipitation of ruin is accomplished in an 
unequal manner, for the surface is there more varied than any- 
where else by the contours of continents, scattered islands, inland 
seas, and chains of mountains, which lie parallel, ^oblique, or trans- 
verse to the winds. Thus it is very dilEcult in many countries to 
discover the general order in which the rains succeed each other ; and 
so long as conscientious observations have not been made during any 
series of years, uncertainty must prevail in this respect. 

However, tho registers kept at the various meteorological stations of 
the northern hemisphere are already sufFiciont to show what is tho 
normal distribution of tho rains on this side of the tropic of Cancer. 
To the north of tho variable limit where the trade-winds commence, 
and as high as a latitude of fort;*' degrees, tho rains fall almost 
exclusively during the winter. Around the basin of the Tyrrhenian 
sea, and on tho coasts of Western Europe, they are distributed through- 
out the year, but it is especially in autumn that tho greatest precipita- 
tion of moisture takes place ; more to the north it is the summer 
which is tho especial rainy season ; Bnally, in polar countries it is in 
the winter that the condensation of the clouds produces the most 
rain and snow. 

Tho direction of the winds is tho true cause of this unequal distri- 
bution of the rain- fall according to the various parts of the year, for 
beyond the equatorial zone most of the showers are, so to speak, not 
formed on the spot by the condensation of the ascending vapours, but 
are brought from afar by the currents of the atmosphere. During the 
winter of the northern hemisphere the \/hoIe system of trade-winde 
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is attracted to the south following the sun, and consequently the aerial 
counter-currents which return towards the Arctic pole can descend 
again to the surface of the globe in the neighbourhood of the tropic of 
Cancer.* The vapours with which those winds are charged are then 
condensed into rain in consequence of the mingling of the air which 
carries them with other and colder atmospheric masses ; this is the 
rainy season. But when the sun approaches the equator, bringing 
with it towards the north Hie entire system of winds, the counter 
trade-winds of the south-west cannot then approach the sur&oe 
except towards the middle of the temperate zone. The slry becomes 
bright again in the regions which had been inundated with rain ; a 
relatively dry period commences in the spring, and lasts until the sun 
has again crossed the equator towards the southern lands. This 
alternation of the seasons is accomplished with great regularity on 
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the coasts of Portugal. It is thus that at Lisbon only 0*16 inch of 
rain falls in July, whilst in December the total precipitation is 4*9 
inches. At Naples and even at Rome summer droughts rarely dis- 
turbed by showers follow the winter rains. 

As to the region of the spring and autumn rains, it ought to 
comprise the countries over which the returning trade-winds blow 
at the epoch when the sun is at the zenith of the equator ; this 
is the equinoctial period of March or Steptember. In certain coun- 
tries in the south of Europe, and especially in Provence, we ob- 
serve, in fact, that the rains are most abundant in spring and au- 
tumn. Even in Alsace the greatest quantity of rain falls in Spring, 
and flows into the tributaries of the Rhino, as the accompanying 
figure borrowed from a ork of M. Charles GTrad * shows ; but with 
some exceptions the maximum of autumn is generally the highest of 
the two, and that of the spring ends by disappearing entirely in a 
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northerly direction. The western coasts of Franco and the British 
Islands are comprised within this zone where the autumnal rains 
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Fig. 135.— Autumn and Summer rains in the temjierate regions of Europe. 

regularly predominate. The true cause of this excess of precipita- 

• Uydrologit de VJU,* * 
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tion during the autumn season^ compared with spring, has not yet 
been proved ; it must doubtless be sought in the fact that, under the 
influence of the various atmospheric and marine currents, the fall of 
the temperature after the heat of summer is accomplished in a 
relatively abrupt manner. The'descent of the thermometer in autumn 
is more rapid than its ascent in spring. This is the result we obtain 
from most of the meteorological tables kept in the countries of 
Europe and North America. . 

More to the north, in the temperate zone, it is no longer in autumn 
but in summer that the rains water the earth with the greatest 
abundance. In the whole of central Europe, from the Vosges to the 
Ural mountains and beyond to the shores of the sea of Okhotsk, the 
greatest precipitation of moisture takes place in the warmest part of 
the year. This is because the sun, being then above tho tropic of 
Cancer, has brought back to the north the entire system of the trade- 
winds and, counter trade-winds ; these latter, therefore, descend to 
the surface of the earth in high latitudes only, and there alone, in 
consequence of their conflict with the cold winds of the polar regions, 
is produced this notable increase of rain, owing to vapours brought 
from the tropics. 

On the other side of the equator it is in exactly the opposite way 
that the counter trade-winds of the northrwest, travelling with the 
sun, determine the greatest precipitation of moisture over the countries 
towards which they sink. As to the snows of the two polar zones, 
they fall most of all in winter, that is to say, during the long night 
which lasts several months, for the temperature of the atmosphere 
is then too low to retain in suspension the moisture brought by tho 
equatorial winds. 
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CHAPTER XVIII. 

COTTKTttlES WITHOUT BAIN. — GEOLOGICAL ACTION OP BAINS. —CONTBABT OP THE 

TWO HEMISPHEBES. 

Thus in all parts of the earth, from the equator to the poles, the 
rain is distributed with a certain regularity according to the seasons. 
In many regions it falls exclusively during a fixed period of the 
year, in other countries the alternation is not divided so clearly between 
the rainy and the dry season. It often rains during the winter 
months as well as during the summer months. Hut a regular oscilla- 
tion is observed between the two periods of the greatest and least 
precipitation. Still there are certain countries where rain is almost 
entirely wanting, and these countries are found for the most part 
situated precisely in the neighbourhood of the equator and the tropics, 
where the waters, heated by the sun, furnish the greatest quantity of 
vapour to the atmosphere. In regions like the coast-line of Peru, 
which stretch at the foot of high mountain-ridges rising on the path 
of the rainy winds, the constant dryness of the atmosphere must be 
solely attributed to the form of the surface of our planet. It is 
sometimes sufficient to cross a single pass to ascertain the enormous 
difference which exists in a meteorological point of view between the 
two slopes. On one side the winds, laden with moisture, frequently 
let fall their burden of rain ; on the other side the aerial currents, 
lightened of their vapours and heated by the reverberation from the 
white rocks and bare earth, greedily absorb, on the contrary, the little 
water which flows in the valleys. The trade-winds from the north- 
east and south-east, which discharge on the eastern slopes of the 
Oordilleras such an abundance of rain as to form the Japura, the 
Putumayo, the upper Maranon, the Apurimac, the Mamor^, and so 
many o^er mighty tributaries of the magnificent current of the 
Amazons, do not let a single drop fall on the western slope, which 
is transformed almost into a desert, and traverse the surface of the 
Paoifio to a great distance into the open sea before having oolleoted 
enough vapour to discharge fresh rains. On the coasts of Peru the 
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Hir 18 often misty 4 but through this whitish veil the blue sky can be 
•always distinguished ; the appearance of a cloud is a real event, and 
the whole population assembles to contemplate this unaccustomed 
spectacle. On the western shores of Mexico, where the winds are 
much less regular than in South America, the atmospheric disturb- 
ances occasion the fall of violent showers at times ; but, as in Peru, 
tho great mass of rain-water is retained by the plateaux, and mountains 
which rise to the east, across the path of the trade-winds and monsoons. 
More to the north tho meteorological phenomena occur in an inverted 
order. The rainy winds which strike the summits of the Coast 
Range and Sierra Nevada are the counter trade-winds of the south- 
east ; they abundantly water the slope which faces the Pacific. But 
beyond the Rocky Mountains they are entirely dried-up, and the 
deserts of Texas, New Mexico, and Colorado would be absolutely 
without water if the monsoons from the so\^th did not* bring some 
moisture. The mean quantity of rain which falls in the solitudes to 
the west of the Mississippi is estimated at two inches only.* 

But in the neighbourhood of the tropics, and even some way into 
the temperate zone, there are other regions freely traversed by winds 
laden with vapours, which are nevertheless verj" rarely watered by rains. 
A wide tract of land almost without water stretches diagonally across 
the Old World, from the western plains of Africa to the plateau of 
Eastern China. This zone disposed in an immense arc, the concavity 
of which is turned towards the north-west, comprehends a great part 
of tho Sahara, the deserts of Egypt and Arabia, the high lands of 
Iran, various tracts of Tartary and China, and the plateau of 
Gobi. In the southern* hemisphere the three continents, Africa, 
Australia, and South America, have also each their zone of dry lands 
situated in the neighbourhood of the tropic of Capricorn. In Africa 
it is tho desert of Kalahari ; in Australia it is the fearful solitudes 
which explorers have to traverse on their way from the southern 
colonies to the Gulf of Carpentaria; in South America it is the 
Pampas. If these several countries to tho north and south of the 
equator are thus destitute of rain-water, the cause is principally the 
trade-winds, which, in their regular passage across the continents, 
constantly absorb fresh quantities of vapour in proportion as they 
approach the zone of the equatorial calms; and their temperature 
also increases. Nevertheless, it would be very difficult to trace the 
exact boundary of the regions destitute of rain, with those where 
the precipitation takeSf^^ila^ regularly, for all round the countries of 

• Bee JSartk, the section entitled, Plains, 
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prolonged drought the monsoons form a sort of irregular border, 
changing year by year. Resides, the plateaux and groups of moun*« 
tains placed in the midst of desert regions, the Djebel-Hoggar in the 
Sahara, the Demavend to the north of Persia, the huge pile of 
Cordova in the Argentine Pampas, raise their summits high into 
the air, and force the chilled winds to yield to them a part of the 
vapours that are carried towards the equatorial zone. As to the 
plateau of Gobi, situated in great part beyond the zone of the trade- 
winds, the dryness of its climate is caused by the mountains which 
surround it, and by its distance from the sea» 



Fig 136 — Bavines In the Omten of Bflanion 

As is shown by the aspect of all deserts, rain is the great geo- 
logical agent on the surface of the earth ^^The immense indentations 
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made in the edges of plateaux and the flanks of mountains, are due for 
the most part to the action of rains and streams which wear away the 
clays, carry the sands along with them, lay bare the rocks and drive 
them before them, and also assist in the destruction of the shores. 
In all the rainy countries w'hose surface is greatly varied, it is abso- 
lutely impossible to recognize what was the primitive aspect of the 
land, so much has been done by the rains in sculpturing anew the 
-fissures and inequalities produced at first by other agents. Thus in 
most of the volcanic countries, and especially in the Island of union, 
the ancient craters have been hollowed out and worn by the rain, and 
finally transformed into circles similar to circles of erosion. Accord- 
ing to Lyell, the Yal del Hove, which opens on the eastern slope of 
Etna, is also an ancient volcanic crater, w'hose walls have been par- 
tially destroyed by the rains.* 

Where rain is wanting the surface presents a singular monotony 
over vast tracts. It is undoubtedly to the absence of rain and the 
dryness of the atmosphere, that the Argentine Andes owe the 
peculiar uniformity of their relief; there we see none of those long 
valleys, those deep ravines and wide crumbling circles, which give 
such a picturesque character to the architecture of the Pyrenees and 
the Alps. Since the epoch when the waters of the sea retired, 
carrying to the foot of these mountains of the New World the 
enormous heaps of rolled pebbles which we see there now, the snows 
and rains have not yot fallen in sufficient abundance to hollow out the 
declivities and cut them into valleys and counter- forts. From below 
the rampart of mountains presents the aspect of a uniform and 
blackish wall, above which rise here and there a few peaks striped 
with white lines. The plateau, from 13,000 to 14,000 feet in average 
height, upon which these isolated mountains rise, is in many places 
almost perfectly level over a breadth of 50 miles. A few low hills 
scarcely break from time to time the monotony of the great plain ; 
in the deepest depressions small lagoons of water, almost always 
very saline, are seen. The vegetation is absolutely nothing, not 
because of the intensity of the cold, but because of the dryness of the 
air and the violence of the wind which blows in these high regions ; 
one single plant grows at the height of 13,000 feet, the Llareta, 
a kind of lichen with a strong root, which spreads over the rocks 
like a green mould. The snow which rarely fulls on these heights 
melts or evaporates when it has barely escaped from the clouds. In 
the middle of the day these snow vapours rise in thin clouds, which 
• Fhilotophieal Trantaetiona^ 1868. Boo, also, The Earthy the section entitled, Voleanoa. 
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are lost at great heights in the blue atmosphere ; one would say they 
were fireworks ascending into the sky.* The air of these regions is 
sometimes so dry^ that the skins of travellers crack and their nails 
break like glass, f 

The exact proportion of rain which falls in the various countries of 
the earth, so indispensable to our knowledge of meteorological laws, is 
thus found to be also of the greatest importance in a geological point 
of view, since it enables us to explain the form of the mountains, the 
general aspect of countries, and the state of the vegetation which 
covers them. This is not all, — the distribution of ruin is likewise 
an astronomical phenomenon. For by the comparison of the amounts 
of rain-fall observed over the surface of the globe, one can learn 
exactly the contrast which is presentod between the two hemispheres 
in Inspect of the precipitation of moisture. And this contrast, what- 
ever its importance may be, is intimately connected wdth the un- 
equal distribution of heat in the two halves of the planet, and in 
consequence of the form of the orbit which the earth describes round 
the sun. 

It results from a comparison of observation^ that the greatest pro- 
portion of rain-water falls in the northeni hemisphere. According to 
Keith Johnston, who unfortunately was able to quote but a somewhat 
limited number of meteorological facts, the amount of rain which 
falls on an average during the year on the surface of the earth, to the 
south of the equator is 20 inches ; to the north it is about 37 J inches ; 
that is to say, about half as much again. { 

These figures seem a little too high, and will undoubtedly be 
sensibl}^ modified by future researches, which embrace a greater num- 
ber of stations and a longer pciiod of years. But it is very probable 
that the difference noticed between the two hemispheres in respect of 
the precipitation of rain-water will always remain considerable. In 
fact, it is in the northern hemisphere that we find the zone of equa- 
torial calms where the rains fall in the greatest abundance during 
almost all the year. It is in the northern hemisphere, too, that the 
monsoons attracted by the heated continents discharge those pro- 
digious showers, and supply the earth in a few weeks with more water 
than falls from the clouds in other climates in several years. 
Almost all the great rivers, also, with the exception of those which 
flow into the estuary of La Plata and the tributaries of the right 

* Martin do Moiuuy, Conpdkration Argentine^ toI. L p. 187. 

t Tiichtidi, Erguzungahtft MitthHlungen von Petermann, 1860. 
t Phytiettt^ Atlaa. 
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bank of the Amazons^ have their source in the northern hemisphere.* 
The continental surface which is found to the north of the equator is 
three times the extent of that which stretches to the south, while 
the amount of rain, estimated roughly according to the yet incom- 
plete data which we possess, is at least five or six times as great. 

Now, by a remarkable contrast, the northern hemisphere, which 
receives the greatest quantity of water, supplies the least proportion 
of it. In fact, the ocean restricted to the north by continents, 
spreads on the south of the equator so as to cover almost the entire 
circumference of the earth. It thus presents to the solar rays an 
immense surfSce of evaporation, incessantly feeding the clouds of the 
atmosphere. In this way that half of *tlie globe which furnishes the 
most vapours is that which receives the least rain in exchange ; a 
circuit of the aerial currents is therefore necessarily establi&hed 
between the two hemispheres, and thus equilibrium is maintained. 
It is in great part the vapours from the Southern Atlantic, and per- 
haps also from the South Sea, that supply the rivers of Europe. 

* See Tlk$ Emth^ the section entitled, Eweta. 
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BOOK IV.— TnUNBEB-STOIlMS, AUROBAS, 
MAGNETIC CUBBENTS. 


CnAPTER XIX. 

HEIGHT OF THUNDEB-rLOUDS. — Dlf^TBIBUTION OF THENDKIt-BTORMS IN VARIOUB 
BEGlONe OF THE EARTIL — COUR8E OF THEBE 1‘HENOMENA. 

The condensation and the precipitation of watery vapour are always 
accompanied by electrical phonoinena; but tbis^powerful force, which 
acts incessantly on tlie surface of the globe, does not manifest itself 
in a visible manner in ordinary rains, for by them the atmospheric 
equilibrium is hardly disturbed. But when the clouds arc suddenly 
condensed, and wlicn the ground and the different strata of uir are 
very different in temperature and electrical tension, harmony can 
only l>e re- established b}’ violent discharges, accompanied by lightning. 
It is then that we see in the sky, which is black with clouds, the mag- 
nificent spectachi of those dazzling flashes which spread in sheets or 
shoot in long zigzag darts. One instant the terrible light fills tho 
sky, then space is covered anew with darkness, and we hear bursting 
from the gloom the immense voice of the thunder which reverberates 
in dull echoes from the clouds and the ground. In violent thunder- 
storms the deflagrations sometimes follow each other so closely 
that the horizon is lit up all round with one continuous flash, 
while crashes and long rollings of thunder echo from various points 
of the sky at the same time, and rain falls in torrents from the rent 
and broken clouds. Often, too, those storms shower upon the ground 
a mass of hailstones formed of concentric layers of frozen water 
surrounding a small crj^stal, sometimes very regular in form. Every 
one of these storms, however, difiPers in its proceedings. Some are 
simply passing phenomena, others are electric whirlwinds, or they 
may even be considered as real cyolques. In these terrible tempests 
lightnings six and even nine miles long have sometimes been seen. 



HEIGHT OF THUNDEE-CLOUDS. 


87 


The principal zone of thunder-clouds extends at a considerable 
elevation above the ground, as is easily ascertained on heights. 

Mountains attract the thunder/^ say the proverbs of almost all 
nations; and it is in fact on the great elevations of the terrestrial 
surface where the clouds strike and are condensed into water, that the 
electrical discharges most frequently take place. Besides, isolated and 
pointed rocks must act as so many natural lightning-conductors, and 
they are consequently much oftener struck by lightning than the 
lower walls of the mountain-gorges. It is to the repeated action of these 
phenomena that we must attribute the singular magnetic state of 
those rocks, near which the mariner’s compass is disturbed, and takes, 
without any apparent rule, the most various directions. Forbes and 
Tyndall cite a remarkable example of this phenomenon on the Rieffel 
Horn of Monte Rosa at more than 9000 feet high. Humboldt 
has seen rocks split by the lightning at the summit of the mountain 
of Toluca in Mexico, at 15,000 feet above the level of the sea. Messrs 
Peytior and Ilossard have observed some Pyrenean storms which were 
formed at still greater heights. In a general way we may say that 
the height of these electrical storms is that 6f the great “cumuli,” 
from which they take their origin.* 

> Thunder-storms, like simple rains, burfet more frequently in the 
elevated gorges of mountains turned towards the sea than anywhere 
else. It was because of the numerous tempests which assailed the 
rough coasts of Epirus and Illyria that the Greeks made the Acro- 
coraunian mountains the seat of Jupiter, “ the hurler of thunder ; ” 
still these mountains are little visited by storms in comparison with 
several chains which rise in the tropical zone on the shores of the 
ocean, and transversely to the direction of the rainy winds. Thus the 
Sierra Nevada of Sta Martha in Columbia has a storm every day, and 
the few travellers who climb one of these great peaks above the zone 
of tempests may expect, from two o’clock to four o’clock, to see the 
magnificent spectacle of a tumultuous sea of clouds, all trembling with 
lightnings, unroll beneath their feet. 

In general thunder-storms are most numerous in a country whoro 
rains are most abundant. The zone of equatorial calms and that of 
the monsoons where moisture is precipitated in such considerable 
quantities, are also the regions of the earth whore it thunders most 
frequently. At Bengal the annual number of thunder-storms is from 
60 to 60 ; in the Antilles about 40 are counted per year ; under tem- 
perate climates there are only about 20, and those occur almost always 
• Becquerol and Ed. Beoquorol, JBlvments de Phyaique Tarreatre, 
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during the warm season. In Eastern Europe it is almost unexampled, 
so to speak, that they break out in winter. But on the western coasts 



Fig. 137. Average amount of stormti in E'iroi) 0 . 

of the continent, which are subject to the tropical influence of the Gulf- 
stream, tlicse stonily conflicts of the air take place also in the cold 
season. It is a curious fact that it is in winter that the greatest 
quantity of hail fulls in Great Britain. In the direction of the poles 



Fig. 188.— PropoiHon of hall-ttormi during tho Bca«ons In Ruifda And England. 

the number of storms gradually diminishes. In tho north of Europe 
thunder is a very rare p^lftdmenon,, and it is even said that in loe- 
land and on the coasts of Spitzbergen, that is to say, precisely in 
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those countries whore the magnetic aurora shines, lightning hasnot^kr 
been seen in the sky. As to the countries of the tropi(*al zone, which 
do not receive any rain like the coast-line of Peru and Bolivia, it does 
not thunder there either. The lightnings which arc sometimes seen 
by mariners sailing towards the open sea from tho coasts are merely 
refleclions of those that escape from the clouds at hundreds of miles 
to tho east, on the eastern slopes of the Cordilleras. 

As the number of tempests diminishes gradually from tho equator 
to tho poles, so are they reduced little by little in the open sea in pro- 
portion to their distance from the shores. Tliis is a pretty general rule, 
at least in the seas of the torrid zone and the Antarctic Ocean. Ac- 
cording to Arago and Diiperrey, who have collected all tho observ- 
ations made before them on the tempests of tho sea, no sailor has 
over heard thunder in the middle of tho South Atlantic nor in tho 
great ocean of the south between Easter Island and tho Island of tho 
Antipodes. It is because of the relativ'^ely small number (>f storms 
breaking out on tho open sea that ships, which attract lightning by 
the form of their masts, have been able to escape being struck. 

Taken as a whole, the thunder-storms of Western Europe follow 
the same general direction as the tempests, and often accompany 
them on their course. This is shown most clearly by tho meteorolo- 
gical maps of France, drawn up since 1865 at the Observatory of 
Paris. The storms are not there purely local phenoincna, as was even 
recently supposed ; but, on the contrary, they form part of the general 
system of atmospheric changes.* It is proved by thousands of 
observations made systematically in different parts of the French 
territory, that almost all the thunder-storms come from the ocean ; 
very often the inhabitants of the coasts hear the rumbling of the 
thunder several hours before the storm breaks over the continent. In 
the same way in Germany, and oven in Russia, thumler-clouds from 
the enormous basin of evaporation of the Atlantic come from thawest 
and south-west. 

It is, therefore, in quite an exceptional manner that rapid ascending 
currents, charged with moisture from the lakes and rivers, produce 
storms in the very interior of the continents. But on tho various 
points of their ^ath thunder-storms from the ocean are generally 
much modified by the medium through which they are propagated. 
Above regions differing from one another by the irregularities of the 
ground, nature of the soil, vegetation, oqd climate, tho thunder- 
storms pass by abrupt passages, from relaflro calm to fury ; here the 

• uiflaa dcs Orates pat V Obset'vatotn di PtinH. 
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Tip: 1 Ja — Storiru on tLe OLli of Mnj, 1805 


tluindcT Yollfe incessantly, and hail beats down the crops; there the 
clouds only dischai^e rain, blill further, the wind drives the tom 
clouds before it without a single drop of rain fulling It is because of 
these great inequalities in the advance of the tenjposts that it is often 
difficult to recognize a regular series in the disturbances which suc- 
ceed each other over distant parts of the same country. 

The secondary storms which are formed here mi there on the 
track of the principal atmospheric current are the more influenced in 
their march by the accidents of the ground and the variations of 
temperature, the less considerable they are, and the nearer they ap- 
proach to the terrestrial surface. They also present the great^t 
variety of speed, and deviate frequently from their normal direction 
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to spread along mountains, hillsi or forests. Thus, as M. BecqueM 
has proved in his meteorological studies on the centre of F ranco, the 
greater part of the secondary storms regularly follow the course of the 
great valleys like so many aerial rivers, superimposed on the liquid 
rivers which roll below. When a thunder-storm, after having origin- 
ated on a lateral plateau, directs itself obliquely towards a valley, it 
changes its course above the river, and never fails to follow its mean- 
derings either up or down, as if it formed a bed for its own course in 
the great fosse of the valley. The storms which proceed at right 
angles to the direction of tho river are the only ones which turn 
neither to the right nor to the loft to enter tho great depression which 
is open to them, the force which tend‘d to carry them aUllg j)arallel 
to tho valley not being powerful enough to cause them to deviate 
from their route. 



Fig 140 —Storm in tho Pliau to the north of the Pyrenees. 


If the storms are attracted, so to speak, by the roads which tho 
larger valleys present to them, it seems equally proved that they seek 
to avoid the forests. Thus the various currents of clouds charged 
with hail, which ravage more or less periodically the plains of the 
Loirot, pass round tho forest of Orleans, or, at least, damage only its 
very edge. Whence arises this relative immunity of trees? Do they 
retard the curreipt of air by their crowded trunks, and thus force it to 
let fall its burden of hail outside, and then to flow laterally, respecting 
the thick mass of the forest P Or do they act as lightning-conductors 
on the clouds, thus preventing the hail from being formed P These 
questions are still much discussed ; but however it may bo, it is 
certain that the forests often cause the hail to deviate, and that the 
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uprooting of trees often results in the modification of the regular 
course of the storm at the expense of agriculture.* The numerous 



Pinr 141.— Hall storms of Orleans. The grry tint indicates the region afTtN'ted by tho storms 


meteorological maps drawn up by M. Bocqiicrcl and other learned 
men, do not allow of a doubt that the zones in which hailstones most 
frequently occur are really modified in their extent the distri- 
bution of forests over the territory. 

Not only the form and direction of the valleys, os well as the 
greater or less extent of the forests, give to the ground the power of 
calling up or allaying storms, but it seems, also, that tho geological 
composition of the rocks exerts an influence of tho same nature. Thus, 
to cite only two examples, certain maasoo of diorito in the Department 
• Bocquerel, Oi>mptf8 rendus df rAcariimte det Scieneety 1865, 1860, 1867. 
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of Mayenno dissipate or tuni aside all the storms ; while above the 
iron mine of Grondone in the Apennines, a cloud forms almost eveiy 
day during the months of July and August, and regulaily burets in 
claps of thunder towards four or five o’clock in the afternoon.* Never- 



Figr 142 — Hail-storms of the Lower Ehine Th^ part tinkd indicates the regions of hail-storms 


thelcss these are phenomena for which no ceitainty is as yet obtained. 
According to M Foumet, the savant who has best studied the laws of 
the rains and winds in the basin of the Rh6ne, the nature of the 
rocks and vegetable soil, the extent of culti^ ated fields, pasturage, and 
forests, exercise but a slight influence on the distribution of storms ; 
the direction and depth of the valleys, the height and precipitancy of 
the salient points of the earth, are much more important in this 
respect. 

This question of meteorology is still very obscure, as are those re- 

• Blavier, Vicut, quoted by Zurcher and Margolld, Mtteoreii, p 119 
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lative to the fall of hail. Why under temperate climates is the zone 
of haih which forms above the plains^ almost always.narrower than 
that of the storm itself P Why is the fall of hailstones such a rare 
phenomenon under the tropics, at least in the regions of the plains P 
Why during a whole century has it only hailed once at Havannah P 
Science is not yet in a position to answer with certainty. In re- 
gard to the formation of hail, the theories are contradictory to each 
other ; and it is asked how hailstones, those heavy projectiles, weigh- 
ing as much as 7 ounces to 10 ounces, can bo crystallized in the 
heights of the air, and most frequently in summer, a little after the 
hottest hours of the day. What is most probable, is that those 
whirlwinds which always occur when two opposite currents meet, 
are the groat producers of hail. In consequence of the centrifugal 
force the air is rarefied iir the centre of the whirlwind, drops of 
water are congealed, and whirl in the great eddy, while at the same 
time cold air from the upper frozen regions is sucked down the 
immense funnel which is formed in the midst of the clouds, and thus 
the hailstones revolving in Iho vapours inccssqtfitly increase in bulk 
and number till they are dashed to the ground by the whirl of the 
grey clouds surrounding them. This theory, which is that of Mohr, 
Lucas, and Hann,* explains w^hy hail is so rare in tropical regions, 
where the strata of frozen air arc too high for the whirlwinds of 
clouds to be able to draw them down in their eddies, llie appearance 
of the stormy iKmbus, the small extent ravaged by hailstorms, the 
oblique fall of the projectiles, together with the violence with which 
they strike the earth, and the gyratory direction taken by the corn 
thus beaten, are facts w'hich give a great degree of plausibility to 
this hypothesis of the German savants. In any case the power of 
Ihe aerial currents, which are in strife during the formation of bail, 
must be truly formidable, for certain showers of hailstones are strong 
enough to form a kind of temporary glacier. On May 9th, 1805, 
the mass of hailstoncS^hich fell on the meadows of Catelet formed 
a bed oV&t ^Inile long, an^nearly half a mile wide, estimated to bo 
equivalent to 700,000 cubic yards. Four days afterwards the hail- 
stones had not disappeared.f 

Many facts relative to the cause of storms arc still unknown : no 
reason can be given for the fa0 tlrat on the shores of the North Sea, 
of the Gulf of Bengal, many ^her regions bordering on the 
ocean, thunder-storms almost always commence at the hour of high 

* Znitehrift der Met0orolofft^n No. 13, 1867. * 

t Mariotta, d* l^Oitervatoire, 
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tide.* AnotHer very strange phenomenon as yet unexplained is the 
appearance of , those lightnings which dart from time to time from 
certain caverns in the cliffs of the Norwegian coast. Between Bergen 
and Trondhjem, on the shores of the Jtirend; fjord, rises Mount Trold- 
jol, or the rock of wonders ; from time to time, though more often when 
the weather is about to change, columns of flame and .smoke, followed 
by peals of thunder, escape from a lateral £&sure of this mountain. 
But the cavern in which these mysterious storms are developed is so 
difficult of access that no one has yet entered it. Nor has an attempt 
yet been made to explore another “ laboratory of tempests,*' occurring 
in the southern of the two cliffs at the entrance to the Lyse- fjord ; 
this perpendicular wall is 3600 feet in h eight, t and to reach the 
cavern it would be necessary to descend by means of ropes more than 
1 000 feet in the terrible abyss. From time to time, especially during 
a strong east wind, a flash of lightning is seen to shoot from the 
black rock, which expands and contracts alternately till it is finally 
lost before having reached the northern cliff. The sheet of fire re- 
volves as it advances, and it is to this rotatory movement that the 
apparent expansions and contractions of the lightning are due. 
Bapid detonations make themselves hoard with increasing force before 
the flame darts from the rock ; a violent peal of thunder accompanies 
it, reverberating with long repeated echoes in the narrow glacier- 
formed corridor : one would think that a battery, placed in the cliff, 
was cannonading some invisible foe concealed in the opposite wall. 
Such were the strange phenomena of which the geographical engineer 
Krefting was the witness in 1855, during a topographical survey of 
the country. The inhabitants state that in fine weather, and when 
the wind has not blown from the south-east for several days, smoko 
of a yellowish grey colour is seen to issue from the cavern, and 
creep up the rock.J 

* Prostel, Bastian, llanii, Zeitiohrift der Mcteorologie vm Jelineh^ No. 17, 1807. 
t See above, p. 13£. 

t Vide Kitaten von Norwegen. Erganzungahejty J0ttheilw%ge7i von PafWWtaMM, 1800. 
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CHAPTER XX. 

1‘OLAB AUROKAS. 

The violent tempests which are so frequent in tlie temperate, and still 
more so in the tropical regions, form a most striking contrast to tlio 
long and silent atmospheric disturbances, which make themselves ap- 
parent in darts of flame over the polar heavens. These are the Aurora 
Australis and the Aurora Borealis. 'When but slightly luminous 
they appear as a whitish or vaguely illuminated cloud in the direction 
of the pole, though often the existence of these phenomena can only 
be recognized by the sudden variations of the magpetic needle. These 
almost invisible polar auroras are frequent in the temperate zones, 
where we very rarely can contemplate the sight of the sheets of flame 
and rockets, which give such magnificence to the Grand Northern 
Auroras. In central and southern Europe many persons pass their 
lives without ever witnessing one of these beautiful spectacles of 
nature. The only silent displays of terrestrial electricity which tlxey 
have seen, are those vague glimmers which often issue from the 
ground during dark niglits. As Humboldt has observed, this telluric 
light is often sufiiciently bright — especially in winter, when the 
ground is covered with snow — to enable one to discern the forms of 
objects at us great a distance as during twilight. 

It is to Scotland, the Shetland Isles, Scandinavia, North America, 
or better still, to Lapland, the shores of Hudson’s Bay, and the Polar 
islands, where long winter nights endure for several weeks, or even 
months, that we must go in order to contemplate these vast auroral 
displays in all their grandeur. In 1838 and 1839 a French sci- 
entific expedition, encamped on the shores of the Altcn-fjord, under 
the 70th degree of north latitude, observed during 206 days 153 
auroras, not reckoning 6 or 7 phenomena of this kind which were 
doubtful ; and 64 of these took place during the period of 70 nights, 
which intervened between the 17th of October, 1 838, and the 25th 
of Jimuary, 1839 ; so that the members ef the expedition came to 
expect the periodical return of these exhibitions as a matter of course. 
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When the aurora was wanting the sky was almost always covered in 
a great part with clouds. 

Auroras first appear as a faint glimmer on tke nortliern horizon 
like an undecided daybreak. A large dark segment of black clouds, 
in which Bravais believed he recognized the mass of fogs which brood 
in the distance over the sea, spreads over the sky in the direction of 
the magnetic pole. Soon a curve of light shows itself above the thick 
stratum of vapours like an immense arch, spreading from one end of 
the earth to the other. The light of a yellowish white hue gains 
rapidly in brilliancy, without, however, extinguishing the luminosity 
of the stars which sparkle through it ; it flashes, vibrates, and moves 
like a flame shaken by the wind ; sometimes, too, it divides into 
symmetrical masses, appearing like the flaming openings of a build- 
ing on fire, tlie fu(j‘ade of which has remained dark. Often a second 
luminous arcli and a thud or even several other more concentric arcs 
of fire form above the first, and stretch up towards the heavens. 
For some time these arches of light alone illuminate space ; then we 
suddenly see coloured rays flash from the arches to the zenith, in 
convergent pencils, green at the base, golden yellow at the centre, 
and a red purple at the extremity, succeeding each other regularly, 
thus adding to the splendour of the light by the most dazzling beauty 
of their colours; and often, according to Hansteen, black or dark violet 
I’ays alternate with the rings of light, thus rendering them more 
brilliant by contrast. The beauty of the Aurora Borealis is due 
to the infinite variety of its changing forms oven more than to its 
various colours. Now the two ends of the arch rise ofi* the Horizon, 
and the luminous sheet undulates and turns back upon itself like an 
immense fringed drapery ; now the sheaves of rays suddenly arrested 
seem to unite in a golden cupola ; often they are separated from one 
another us by columns of smoke, and the glimmering rays of the 
aurora are alternately extinguished and re-lighted. These rays, to 
which the Canadians give the name of “ marionettes,*' or merry- 
dancers, vary incessantly in length and brilliancy; the earth itself being 
almost always covered with snow during the time when the magnetic 
light is most frequent, appears now clearer, now darker, by contrast 
with the flaming rays. At the magnetic zenith, towards which the 
southern polo of the needle is directed, the sky appears dark ; but all 
round it the divergent rays which come from the northern horizon 
and spread further and further from each other towkrds the south, 
form a sort of crown. This is the most brilliant period of the phe- 
nomenon. Afterwards the splendour of the arches and rays diminish 



48 


THE ATMOSPHERE AND METEOROLOGY 


graduallj ; they are seen to palpitate, so to speak, as if the stifled 
flame tried to revive, which is gradually extinguished, and there 
only remain here and there auroral disks ” emitting a feehle glim- 
mer like the distant lightnings of a tempest ; and then there only 
remains a vague phosphorescence on the whitish cirri. Usually the 
magnetic aurora completely ceases before the first faint glimpse of 
dawn begins to show itself on the eastern horizon.* 



Fig 143 —Elevation and breadth of the Aurora BorealiH of 28 August, 1869 

Most natural philosophers assign a considerable elevation to the 
Polar Auroras. They think that these phenomena are generally pro- 
duced in a very rarefied medium towards the upper limit of the 
atmosphere, and one is inclined to consider this opinion as very pro- 
bable, seeing the analogy which exists between the brilliant colours 
of the arcs and rays of the aurora, and of those caused by passing 
an electric current through a vacuum. After having confirmed Han- 

Lottm, Eravais, Kainiz, Becquorel, LoomiB, &c 
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Steen’s idea that the Northern Auroras are not arches of light, as 
they appear by an optical illusion, but really circles surrounding the 
magnetic pole, and radiating at the same time towards all the cir- 
cumpolar regions of the Old and New World, Bravais attempted to 
measure their height, and calculated that it is on an average 95 
miles above the surface of the earth. Later, M. Elias Loomis, one 
of the most distinguished physicists of North America, compared 
and thoroughly discussed all the observations recorded in various 
latitudes of the two magnificent auroras of the 28th August and 2nd 
September, 1859, and the result of his researches tends also to prove 
that the mean elevation of the rays is very great. Thus, at the ap- 
pearance of the former aurora the lower extremity of the columns 
was formed at 4G miles high, while their upper extremity attained 
the enormous height of 530 miles. The rays of the latter aurora 
extended upwards into the sky, from an elevation of 50 miles to 490 
above the seu -level. By a like calculation of the height of 30 other 
auroras, it has been found that the extreme height reached by tho rays 
is on an average 450 miles above the earth, and that the length of 
thc^c brilliant rays is ordinarily about 400 miles.* It is true that 
earlier observers have arrived at quite different results. Some 
even believed that from tho appearance of reflections in the 
clouds, that certain auroras occur in tho lower regions of air at no 
greater elevation than J a mile or a mile. On the shores of lake 
Scavig in Scotland rays have been seen to issue from a rock ; t but 
it is probable that these beams from below are secondary phenomena. 
However it may be, one cannot doubt that auroras have the atmo- 
sphere for their theatre, for they follow the general rotatory move- 
ment of the globe in its direction from west to east. The following 
figure indicates, according to the observations collected by M. Loomis, 
the position and relative height of the Aurora Borealis of September 
2, 1859, which shone with such brilliancy above the United States 
and Central America. The upper fringes of the most southern sheet 
appeared vertically above the ground in Florida at the latitude of 
25® 15', and the general inclination of tho aurora was precisely that 
which a magnetic needle freely suspended would have had in the 
same region. J The aurora which appeared four days before had its 
southern limit in Virginia towards 38® 50' of latitude. 

* SmithB<mian Inttitution^ Annual depart for the year 1805, p. 218, and following. 

t Thienemann, Wraugel, Struve, Farquhanon, quoted by Kamtz, Lehrbueh der Meteor • 
ologie / Feiiz Fouoon, Htatoire du Ih’availf p. 79. 

t See below, p. 58. 
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The inhabitants of the North relate that auroras are often accom- 
panied with detonations ; nevertheless in no case has a scientific ob- 
server ever noticed the least sound which seemed due to them ; for, 
as Ih'cquerel has remarked, it would not be astonishing if the split- 
ting of tbo plates of ice composing the cirri under the influence 
of the currents which traverse them caused a slight noise to bo hoard. 



Fig lU Elevation and breadth of the Aurora Borealis of 2 SLptomber, 1869 


It is, in fact, in an atmosphci e full of ice-crystals that the aurora most 
frequently occurs, which can be observed immediately after the cessa- 
tion of the phenomenon, by seeing that clouds formed of icy particles 
are exactly in the direction whence the most brilliant light flashed. 
As Loomis justly says,* when one sees the light flash, it is natural to 
listen for a report, and one often hears that which one wishes to hear. 
It is thus that the ancient Germans perceived the hissing of the sea 
when the setting sun, like a red-hot iron, sank into it. 

* Aw ora Jforealttf Smitlmnum Jteport for 1865, p 222. 
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An aurora may last for a long time, even for a day or two or eveiT 
longer, for during the whole week which commenced August 28th, 
1859, this phenomenon endured with greater or loss intensity over the 
United States. In full daylight the disposition of 'the clouds and the 
restlessness of the magnetic needle revealed the invisible aurora. In 
1786 Lowenom even recognized after sunrise the luminous beams of 
an auroral light, so brilliant were they ; but it is almost always during 
the night that this phenomenon takes place. The coloured rays 
which exercise such a great influence on the movements of the mag- 
netic needle ordinarily appear before ten o'clock in the evening, and 
are rarely perceived after four o'clock in the morning. Bravais affirms 
that the auroras which he witnessed in bis polar expedition commenced 
on an average about 7 hours 52 minutes in the evening. It was 
then that the luminous arch extended over the sky, soon after the 
rays darted towards the zenith, the auroral disks appeared, and 
towards half-past three in the morning the last glimmers vanished. 
In the same way, it is during winter, which is so to speak the night 
of the northern hemisphere, that the auroras advance to a greater dis- 
tance to the south, and appear to the inhabitants of the temperate 
zone. The periods during which these magnetic disturbances most 
Irequently occur are those of the equinoxes, at the commencement 
and end of the winter season. Meteoric* pheuo«nena of this kind are 
most scarce in the month of June. M. Boue, who has made a list of 



all the Boientific observations of auroras up to 1860, enumerates only 
7 for tho month of June, while no less than 458 have been recorded 
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in March, and 498 in October at the time of the equinoxes. The 
accompanying figure may give some idea of the distribution of the 
auroras in the difierent months of the year. Figure 146, constructed 
on slightly difierent .data, and according to a more logical method, 
as it represents the circle of the year, shows also that this is the 
average distribution of these aerial storms. 



July 

Fig. 140.— Houthly distribution of the Aurora Borealis ; after Klein. 

It is probable, whatever the meteorologist Glaisher may say, 
that the magnetic auroras have also their periodicity like all the 
other phenomena of nature. This is established by the catalogue of 
observations made in Europe and North America from the end of the 
seventeenth century to our own time. In 1697 the auroras were not 
at all numerous, but they gradually became more numerous till 1728, 
and then diminished. In 1755 they were of very rare occurrence, 
but became more and more frequen» towards the end of the century ; 



PEEIODICITT OF AUEOEAS. 


63 


in 1812 they were again at a minimum, but from the year 1825 
they increased in number very rapidly, the average rising from 
one per annum to 30 and 40 in the same space of time. It would 
appear from the discussion of these facts that the cycle of auroras is 
one of 68, 69, or 60 years, and perhaps this period may itself be 
divided into six periods of ten years, corresponding, as Bchwabe 
observes, with the regular variations of similar duration noticed in the 
number and size of the sun-spots ; thus the fluctuations of the mag- 
netic storms constitute an astronomical phenomenon. The accom- 



Fir. 147— Auroras observed at Newhaven, Conuccticut, United States, 1784—1854. 

panying figure represents the scries of auroras seen at Newhaven 
in Connecticut, during the 70 years from 1786 to 1854, compris- 
ing an entire period. 

It* is diflScult to explain now, why the aurora appears more fre- 
quently in certain places of the Old and New World than in other 
parts situated at an equal distance from the magnetic pole. But it 
is incontestable that this latter point is not distant from the centre 
whence the auroral light radiates. In our hemisphere the culminating 
point of the luminous arc is found towards the direction of the penin- 
sula of Boothia-FeHx, whore Boss saw the southern pole of the mag- 
netic needle turn directly towards the centre of the earth. In Norway 
one sees the Aurora Borealis in the north-west ; in Greenland directly 
to the west, at Melville Island Parry viewed it on the southern 
horizon. It must not be thought, however, that these magnetic 
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storms are very frequent in the high circumpolar regions ; on the 
contrary, they are rather rare there, to judge from the accounts of 
travellers who have advanced farthest to the north. Hayes, during 
his stay in Smith’s strait, only saw three phenomena of this kind. 



Fig 14 B.^ircniBpo 1 ar sone of the Aurora Boroalii. 

In tLis northern space which is ^titute of auroras, that is, in 
Bouthem Greenland, the Polar Anhipolago, the North of Siberia 
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and Spitzbergen, there is a zone of 300 miles in diameter, whore- 
• about forty times every year these northern lights are visible. The 
wider zone, which comprehends Hudson’s Bay, Labrador, Iceland, 
and the north of Scandinavia, is richer, for eighty of them occur on an 
average yearly. Farther south extends a third zone, where these 
magnetic disturbances become less and leas numerous ; finally, in 
temperate regions these phenomena are rare, and towards the tropic 
of Cancer they arc almost unknown. At Ilavannah only six auroras 
have been seen on the northern horizon in one hundred years.* 
These magnetic storms very frequently extend over nearly all the 
northern hemisphere at the same' time, thus being very different from 
thunderstorms, which are usuall}'^ (‘onfined to limited areas. The 
aurora of 28th August, 18 j 9, \va8 visible from California to the Ural 
Mountains, over a space of more than 150 degrees of longitude. 
That of four days later was seen at the Sandwich Islands, in the whole 
of North America, and in Europe, while at various stations in Siberia 
where the sky was cloudy, the variations of the magnetic needle 
testified to the atmospheric disturbances. It was on this occasion 
that the simultaneous appejvance of the aurora on the two sides of 
the earth was first noted, both in the skies of the northern hemi- 
sphere as well as above the Cape of Good Hope, Australia, and South 
America. At the same instant in Labrador, at Philadelphia, Edin- 
burgh, Algeria, and Valparaiso, luminous streaks were seen to dart 
from the polar regions ; the slorm was visible over more than a half 
of the planet. Thus the theory of the meteorologists that the northern 
and southern auroras occur at the same time in both hemispheres 
under the influence of the same current was confirmed. Of thirty- 
four auroras observed at Hobart’s Town in Tasmania, between the 
years 1841 and 1848, twentj-^nj^e coincided with the occurrence 
of the same phenomena, either fk Europe or in North America, and 
all wore marked by magnetic perturbations at the opposite pole. 
The fact, noticed by Forster, has since been confirmed by others, 
that the northern and southern auroras present remarkable contrasts 
in the colour of their rays, the light of the latter being of a pale 
blue, and less coloured than that of the arctic regions, thus forming 
a parallel to the way in which the hues of the rays of light differ at 
the two poles of an electric current. It may be considered certain 
that the extremities of the earth are in intimate connection ;with one 
another through the electric and magnetic currents continually cir- 
culating between them, both in the air and the mass of the globe. 

• Elias Loomis, Aurora BorealiSf Smithsonian Report for 1866 , p. 216 . 



56 


THE ATMOSPHEEE AND METEOROLOGY. 


Tho tfesearches of M. Bocquerel and other natural philosophers have 
shown that it is probable that the superior strata of tho atmosphere 
are almost always charged with positive electricity, and the warmer 
strata reposing on the surface of the land and of the sea, with the 
opposite kind of electricity. In consequence of the enormous evapor- 
ation from seas under tho tropics, tho moisture charged with positive 
electricity, rising to the upper atmosphere, maintains it in a state of 
constant tension ; but violent Ihunder-storms, accompanied by very 
alJundant rain, constantly tend to restore the equilibn’um. Away 
from the tropical zone tho higher and lower strata, less strongly 
electrified, no longer by sudden discharges, but by the silent action 
of the polar auroras, the two contrary electricities meet and are 
neutralized. Such is the theory. In any case it is certain that the 
auroras are electrical phenomena, since they act on the wires of the 
telegraphs like voltaic batteries, and since the colours of the arcs, 
beams, and auroral rays are precisely those of the ordinary electric 
spark passing through rarified air. At the same time auroras are 
magnetic phenomena, as is proved by their powerful action on the 
movements of the needle. Though produiied in the atmosphere, 
and always accompanying the globe in its diurnal rotation, they £frc 
also veiy probably astronomical idicnoniena, obeying in their suc- 
cessive periods the cycles of tho sun. Solar attraction, magnetism, 
electricity, are all convertible forces which work in concert to modify 
incessantly and then to re-establish the equilibrium of the atmosphere. 
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CHAPTER XXL • 

TERRESTRIAL MAnNETI^M. — DECLINATION, INCLINATION, AND INTENSITY OP THE 
MOVEMENTS OF THE NEEDLE. — MAGNETIC POLKS AND EQUATOR. — ISOOONAL 
IJNKS AND THEIR SECULAR ANNUAL AND DIUIUIAL VARIATIONS. — ISOCLINAL 
LINES.— IBODYNAMIO LINKS. 

The incessant mobility so characteristic of all the phenomena of 
climate is most especially manifested in the perpetual oscillations 
of the electric currents. Map^ctism, this force as mysterious as the 
nervous fluid of organized bodies, in its invisible undulations vibrating 
from the poles to the equator, transforms this planet into a gigantic 
loadstone. The beat of the sun, which gives life to our globe, causes 
a continual tremor in the crust of the earth ; currents of electricity 
(whose incessant movement from east to west in an opposite direction 
to the rotation of the globe, was discovered by AmpSlfe) vibrate 
ground the terrestrial surface like ait immense coil, and maintain be- 
t^vcien the two poles a magnetic activity exactly similar to that which 
is prOd^uced in an induction coil.* All bodies are more or less in- 
fluenced by these currents, and would arrange themselves in certain 
regular directions did not the bulk, weight, and cohesion of their 
particles hinder them from obeying the force acting upon them. 
The magnetic ^wer the earth is estimated by Gauss at 8464 
trillion times that of o® strongest artificial magnets, and yet this 
immense power has only been known for a comparatively short time. 
It was only in the year 1700 that Halley drew the first magnetic 
chart, and it is scarcely seven hundred years since the sailors of 
Amalfi, Provence, and Liguria learnt from the Arabs, or discovered 
for themselves, the movements of the magnetic needle, and this was 
the earliest recognition of this magnetic current pervading every 
atom of the planet. The Chinese navigators had known the remark- 
able properties of the compass for more than two thousand years 
before this. 

In the earliest times it was believed that the needle pointed con- 

* Barlow, Amp&re, Beoqnerel, Sabine. See, also, Ub TMnomines de la Fhy$iqu 0 , by 
Am4d4e Gnillomin, pp. 702, 703. 
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fitantly towards the polar star, or rather towards the polo of our 
planet ; but the mariners who ventured as far as the Canaries and Ice- 
land, or even those who confined their voyages to the Mediter- 
ranean, ‘ascertained that the point of the compass did not invariably 
indicate the north, and that it diverged according to the latitudes by 
a greater or fewer number of degrees to the right or left of the normal 
direction. In 1268, ^ierre P^lorin de Maricourt observed that it 
pointed 7J degrees towards the east at Lucera in Southern Italy.* 
Columbus, on the voyage in which he discovered the New World, also 
observed that the variation of the compass was several degrees to the 
west of the astronomical pole ; and it is said that he was obliged to 
reassure his sailors, who were alarmed by this unexpected phenome- 
non. Finally, the expeditions of Magellan, Drake, and other circum- 
navigators of the globe, established the greatest east and west vari^ 
lions of the needle from the north pole. These \1iriution8 are known 
under the name of declination. 

The deviation of the needle is not the only fact showing the mag- 
netic action of the earth. In 1576 the IhigKshratin Norman first 
noticed that the needle did not occupy a horizontal position in the lati- 
tude of Europe. On ascending towards the north magnetic pole the 
northern end of the needle di 2>8 more and more to the ground, and 
directly over the pole it becomes vertical ; while on the contrary, as we 
descend to the south the needle becomes loss and less inclined to the 
surface, till, on reaching an imaginarj^ line called the magnetic equa- 
tor, it is parallel to the ground. Be 3 ’ond this it inclines more and 
more in the reverse direction, till, on arriving at the southern mag- 
netic pole, the needle again becomes vertical, though now of course 
with its southern pole towards the earth : this is the phenomenon 
designated by the name of inclination. 

Nor is this all : if we cause the needle to diverge from its normal 
direction, in returning to it it oscillates more or less rapidly accord- 
ing to the part of the earth where we happen to bo. These oscilla- 
tions, analogous to those of the pendulum, reveal the greater or less 
intensity of the currents, according to the distance from either polo, 
just as the extent of declination and inclination varies. These local 
differopcos, however, are by no means permanent. The direction and 
force of the magnetic currents which are produced on the surface of 
the planet change continually from hour to hour, from day to day, 
from year to year, and from cycle to cycle, conformably to laws of 
perio^city ; but science as yet has not discovered all the elements. 

« D6tT6zac, BMlUiinde la Bociitidc O^ographiB, 1869. 
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Among tlie grand manifestations of planetary life, of fluvial and 
marine currents, of the weight of the atmosphere, of the pressure 
of the vapour of water, of the alternations of the wind, of the va- 
riations of the climate, there are no phenomena which are more rapid 
and changeable in their alterations than those of terrestrial mag- 
netism. 

What is the probable cause of those currents which vibrate around 
the earth, and by which the compass is incessantly agitated, like 
the weather-cock under the pressure of the winds P The cause must 
be sought for not only in the movements of the earth, but equally in 
those of the sun, that great source of terrestrial life. The contrast- 
ing masses of earth and water, so unequally distributed in the two 
hemispheres, the difference of temperature between the aerial strata, 
tliB diurnal rotation of the planet around its axis, its annual revolu- 
tion around the sun, the different rate of motion of the various parts 
of the surface of the globe, l^-woen the equator and the poles, the 
increase or diminution of its rapidity as it approaches or retires from 
the sun, the rotation of the sun, and finally the various periodical 
phenomena to which it is subject, its movement in spaee towards 
unknown regions of the heavens, the approach of a perturbing 
planet, everything, even the friction of the earth on the vapours 
which surround it, incessantly develop the magnetic energy of 
the globe, as an immense coil traversed by most powerful electric 
currents would do. In the ground which seems so impassive, but 
where so many germs give birth to life, whence so many wonders 
spring, the mysterious current circulates without ever resting, like an 
inexhaustible river. Under the influence of the sun it hastens or 
slackens its speed, moves in one direction or the other, and travels 
over the circumference of the globe, its equator and its poles. It 
obeys unceasingly the harmonious laws of nature, while only seem- 
ing to act capriciously because of the manifold interruptions causing 
the apparent irregularity in the succession of its periodicities. Just 
as the fine magnetic needle trembles and shakes like an affrighted 
creature in its box suspended at the ship’s helm, so all over the earth 
magnetic currents oscillate and move untiringly ; directly obeying the 
cosmical influences which make themselves only slowly felt on other 
functions of the globe, they may rightly he compared to the nervous 
phenomena in the animal organism.' In consequence of their con- 
tinual vibratory motion, the magnetic currents cannot be clearly 
traced on the map, and we must always confine ourselves to indicat- 
ing their mean direction. There are not two instants in the year 
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when the movements of the needle are identical on the surface of 
the earth. 

. The polos towards which the compass points in the two hemispheres 
stray constantly around the astronomical poles of the planet, and it 
is never at the same point that their precise position must be sou^t 
for. In 1832 Captain John Ross, then sailing in the midst of the 
polar archipelago of North America, arrived in the neighbourhood 
of the north pole of the compass, since the point of his instrument 
was directed almost vertically to the earth. This point, towards 
which all the magnetic currents of the northern hemisphere then 
converged, was situated in the peninsula of Boothia Felix nearly 20 
degrees to the south of the terrestrial pole (70” 5' N.), and at more than 
99 degrees to the west of the meridian of Paris ; but since that epoch 
it has probably moved a few degrees to the cast. The magnetic pate 
of the south has not been discovcrcHl by any navigator up to the pre- 
sent time. But according to the cattulations of Duperrey, Gauss, 
and other savants, it would probably be found at 14 degrees 55 
minutes from the Antarctic pole to the south of the continent of 
Australia. The two points of attraction of the magnet are thus each 
situated at the meridian of a group of continents ; but they are not 
antipodal to one another, since they are found in the same hemisphere 
separated from one another by an arc of little more than 101 degrees, 
29 degrees less than the semi-circumfcrcnce. As to the magnetic 
equator, which is the line where the needle keeps perfectly horizontal 
to the surface of the earth, it is no more to be confounded with the 
equator of rotation than the magnetic poles with the extremities of 
the planetary axis. It follows a curved line which cuts the terrestrial 
equator to the east of the Carolinas, traverses the islands of Sunda, 
Hindoostan, Ethiopia, and Soudan, then passes to the south of the 
equinoctial line not far from the island of St. Thomas, and lies in 
America above Brazil and Peru. We may say generally that the 
magnetic equator curves towards the north in the continents pf the 
Old World and towards the south in the New World. At the pre- 
sent time this line is slowly moving its points of intersection of the 
terrHstrial equator from east to west. 

Thq two magnetic poles occupy in relation to the earth’s axis a 
position quite oblique, since one is situated in the American polar 
archipelago, while the other is found under the meridian of Australia. 
It results from this, that the currents are themselves propagated 
obliquely to the surface of the globd. Instead of advancing in the 
direction from north to south, the mysterious force moves according 
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to curves not parallel, which on the' Atlantic face of the earth bend 
towards the west, and on the opposite side for the most part diverge * 
towards the east. The lines of separation between these two zones of 
western and eastern declination are the only parts of the earth where 
the compass points directly to the north. In order to indicate clearly 
thfi average direction of the magnetic needle for any year whatever 
in various coimtries, other lines, called iaogonea^ are drawn on the 
map to the right and left of those marking no declination, where the 
compass forms one and the same angle with the terrestrial meridian. 
These curves, connecting all the points of the earth where the mean 
inclination of the needle remains sensibly equal, are much less regular 
than the magnetic meridians. Some are directed from the north to 
the south, others run partly from the east to the west ; others again 
bj^d in the form of circles and ovals. • 

At present, the line without declination which traverses the ancient 
world passes to the cast o£ Spitzbergen, touches Russia in the 
environs of Archangel, gains the Caspian depression by the valley of 
the Volga, crosses Persia obliquely, then after having coasted Hin- 
doostan and the islands of Sunda, as if to murk the general outlines 
of the Asiatic continent, it its directed abruptly towards the southern 
magnetic pole across the centre of Australia. To the west of this 
line, as far as the other side of the shores of the continental group 
which constitutes Europe and Africa, the declination of the compass 
towards the west increases gradually, and then diminishes above the 
basin of the Atlantic, and is reduced to zero on the eastern coasts of 
the New AVorld. The second line without declination, which one 
might call the American line, descends from the magnetic pole to the 
west of Hudson’s Bay, traverses the great lakes, passes the en- 
virons of Philadelphia and Washington, and then curves round the 
Antilles, as the other line without declination is cur\ed around the 
archipelago of Sunda, and cuts the extremity of Brazil from the 
mouths of the Amazon to Bio de Janeiro, and crosses the Atlantic 
toward^ the south pole. To the west of this line the deviation of the 
compass becomes easterly, increasing rapidly above America, then 
much more slowly across the Pacific, and diminishing to the eai||f of 
China and Siberia, so as to enclose a kind of magnetic island where 
the declination is western, as in the basin of the Atlantic. Whtftever 
may be the partial irregularities of these two zones of difierent vari- 
ation,. it is impossible not to be struck by their general agreement 
with the most salient features of the planetary surface. The basins 
of the Atlantic, the Mediterranean, and the Indian Ocean, correspond 
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with the western declination, and the Pacific corresponds with the 
eastern declination. Four continents, Asia, Australia, North and 
South America, belong to this latter zone ; while Europe and Afiica, 
form part of the zone of western declination. 

During the course of centuries the system of isogonal lines moyes 
very rapidly in certain countries. In the seas of Spitzbergen to the 
west of the Antilles, in various regions of China, the mean direction 
of the needle has not varied in a perceptible manner for a century : 
but it is not the same in western Europe. At Paris at the time of 
the first regular observations on terrestrial magnetism, the declin- 
ation of the compass was easterly ; it even reached in 1580, 11® 3V to 
the east of the meridian. In 1 063 the declination existed neither in 
one direction nor the other, the magnetic needle was directed exactly 
towards the north.* From that time the declination towards the west 
continued to increase during more than a century and a half, till 
1814, when the angle formed by the needle with the terrestrial 
meridian was not less than 22“ 34^ Since then the needle has retro- 
graded towards the meridian, and in the year 1804 the angle was 
only 18° 30'; the recoil is thus on an average nearly five minutes per 
year, but it changes in a very irregular manner, for in certain 
years the western declination has suddenly increased again. AVe 
cannot doubt that these secular oscillations of the magnetic current 
make part of a cycle, the duration of which corresponds with that of 
some great astronomical phenomena. According to M. Chazallon, 
this period would be for Paris 488 years, and the magnetic needle 
would bo again directed exactly towards the north in the year 2151. 
The lino without declination moves little by little from the confines 
of Eussia, and will successively tra\erse Poland, Germany, and 
France, then passing above the Atlantic, it will later commence its 
return towards the east. Notwithstanding this secular balance of 
the magnetic forces, it is probable, however, that as a whole, the 
currents never end by following exactly the same directions on the 
surface of the ’earth : the polos, the equator, the meridians itoving 
incessantly, the network of magnetic lines changes eternally like the 
rehutive position of the stars in space. 

While this long secular variation is accomplished the needle is 
ever agitated by oscillations of shorter periods. Those which are 
completed in the course of a year are evidently connected with the 
position of the earth relatively to the sun, for its various phases coin- 
cide with the equinoxes and the solstices. In western Europe, as 
Cassini first ascertained, the compass gradually approaches the 
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meridian, advanoing towards the east, during the period whiclu 
elapses from the equinox of March to tho summer solstice ; then the 
magnetic needle again advances towards the west, but slackening its 
march little by little, it is only at the end of winter that it attains 
its greatest declination towards the west : the return to the point of 
departure employs three quarters of a year. In America the progress 
is different, which doubtless results from the difference of declination. 
The total extent of tho annual variations presents a great irregularity; 
in 1784 it was about 20 minutes at Paris. 

The diurnal variations differ also on all points of the earth. In 
France, where the amplitude observed oscillates between 6 and 25 
minutes, the needle moves from east to west between 8 o*clock in the 
morning and 1 o’clock in tho afternoon ; it then returns to the 
east, and towards 10 o’clock it occupies nearly the same position as in 
tho morning. In countries near the northern pole the extent of tho 
diurnal variations is generally greater than in tho temperate zone ; 
in the torrid regions, on the contrary, those variations are slighter, 
while in tho southern lands the diurnal movements become more and 
more considerable towards the south. As there they occur in the in- 
verse order io those observed in the north, it is probable that tho two 
hemispheres with ojDposite variations are separated from one another 
by a line whore the compass remains immovable ; however, this 
equator, without variations, has not been yet discovered with cer- 
tainty, and in all probability would not agree with the magnetic 
equator. 

In the same way as isogonal lines have been traced on the globe 
to indicate the declination of the compass in different years, so by 
the isoclines succeeding one another on each side of the magnetic 
equator, those parts of the earth are indicated where the magnetic 
needle dips towards the ground at the same angle. These isoclinal 
lines arc in general more regular in their curves than the isogonal 
lines ; but they also are influenced by the forms of the continents. 
It is jfrincipally in the northern hemisphere that this difference is 
shown. Thua the isocline of 60 degrees coasts the shores of Central 
America, then, after having crossed the basin of the Atla^tic^ 
traverses obliquely the depressions of the Sahara, the eastern Medi- 
terranean, the Caspian, and turns northwards round the great moim- 
tains of Thibet. The isoclinal line of 70 degrees is developed off 
the western shores of North America from the peninsula of Alaska 
to the coasts of the Oregon, while in the Old World it follows the 
depression formed by the Channel, the North Sea, the Baltic, and 
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the Gulf of Finland. Finally, the line of 80 degrees follows at a dis- 
tance the polar shores of America, runs afterwards along the eastern 
coasts of Labrador and Greenland, and bends in an immense curve 
round Scandinavia. Like all the other magnetic phenomena, the in- 
clination is subject also to incessant variations, periodical and acci- 
dental, but these variations have been less studied than those of de- 
clination. At Paris the needle has become less and less inclined since 
1671, when it dipped 75 degrees, while in 1864 it was only 66® 3' ; 
the annual diminution has thus been a little more than 3 minutes : 
observations made at London, and in several other towns of western 
Europe, lead us to the same result. As to the monthly variations, 
they are less relatively than those of declination ; it is in summer 
that they have the greatest amplitude. 

The isodynaniic lines, that is to say, those which unite the points 
of the earth where the movements of the magnetic needle have an 
equal intensity, for the greater part resemble in their curves the iso- 
clinal lines ; nevertheless they do not coincide with them, ^he 
dynamic equator, a line where the intensity of lorrestrial magnetism 
is manifested with the least force, is also inflected in the southern 
hemisphere, traversing Peru and Brazil, not far from llio do Ja- 
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neiro, and then ascending obliquely by. the African continent towards 
the southern peninsulas of Asia and the archipelago of Sunda; 







ISOGONIC & IS(ifiLtNIC LiNES% 



btoauui 



ISODTNAMIC LINES. * 


66 


on tills equator^ the moyemonts of the needle are slowest in 
Atlantic off the Brazilkm coasts. On each side of the line of the 
least fdrce, the magnetic intensity increases towards the north and 
south, but in an unequal manner, since the isodynamic line of Florida 
bends to the north as far as Scandinavia, and that of South Carolina 
graces the outline of the American^&hores, and passes into Greenland. 
In the southern regions there 4)nly exists a single dynamic pole, 
situated at more than 16 degrees from the planetary pole, in the 
neig^ijiourhood of the icy mountains discovered by Sir James Ross. 
It is there that the movements of the compass have the most inten- 
sity, and they are nearly three times more rapid than in the Brazil- 
ian seas. In the north ihere are two dynamic '^oles, one to the west 
of Hudson’s Bay, the other to the north of Siberia, not far from the 
mouths of the Lena. In the same way as the isothermal linos, with 
which they have besides a great analogy, the lines of equal intensity 
have their two polos occupying a s5^mmotrical position, the one to 
ihe north of ijjie Old Woild, the other to the north of the New. 
Thus, as Duperrey remarks, thi-s resemblance of the isothermal and 
isodynamic lines is a proof of the intimate connection which exists 
between terrestrial magnetism and temperature. 
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BOOK V.— Climates. 

CHAPTER XXII. 

SOLAB HEAT. — IRUEOULABITIES OF LOCAL CLIMATES — ^rfjUALIZATlON OP THE 
TEMPEBATUKE BELOW THE BUBFACE OF THE GKOUND. 

All the facts of physical geography, tho relief of continents and 
idauds, the height and direction of the systems of, mountains, the 
extent of forests, savannahs, and cuHivatcd lands, the width of val- 
leys, the abundance of rivers, the outline of tho coasts, the marine 
currents, winds and all the meteoric phenomena of the atmosphere, 
vapours, fogs, clouds, rains, lightnings and thunders, magnetic 
currents, or, as Hippocrates said more briefly, “ tho places, the waters, 
opd the airs,” constitute in their connection with longitude and 
latitude what is called the climate of a country. 

The most important climatic phenomena are those of temperature, 
for it is to heat that most of them eteoric phenomena, in their various 
alternations on the surface of continents and seas, are due. It is tho 
overheated regions which put in motion the whole system of atmo- 
spheric curr^ts, and it is they too which give to tho w'inds tho 
moisture destined to be dispersed in clouds and to fall far away in snow 
and raiu. By their action on the earth and on the waters the rays 
of the sun give the first impulse to all that moves on tho surface of 
the globe. It is on this luminous body that tho life of our planet 
depends. 

The earth has it is true its own heat, like all bodies in space ; but 
whatever may bo the unknown heat of its deeper strata, that of the 
surface results solely from the great source of heat, the centre of our 
planetary system. When the sun rises above the horizon the ^rth 
is warmed by its rays, but pools during the night by the radiation 
into space of the heat received during the day. The oscillations of 
relative heat and cold that we^expericnce from day to night, and horn 
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* mmtner to winter, all depend on the laws regulating the absolution 
' hnd radiation of lieat given off by the sun to the earth, or by the 
earth into interstellar space. It is these incessant alternations that 
the thermometer measures, since the heat of the air and the 
ground vary at all times and in all places, the series of temperatures 
which succeed each other in various localities, or even in one single 
place, Cecome, so to say, infinite ; and if wo wish to keep an account 
of the phenomena of heat and cold, it is necessary to obtain, by 
comparison of instruments at regular hours and periods, the averages 
of diiima\^ monthly, and annual temperature. This is one of the most 
difficult tasks, fot wo must first remove all possible chances of error, 
and choose for the«place of observation precisely one whore the 
indications of the thermometer are never modified by special causes, 
such as currents of dtr or radiated heat. The disturbing influences 
(ire so numerous that we are not yot sure of having determined 
exactly the true average temporaturo of a city like Paris, where 
millions of observations have boon inado. M. Renon even affirme* 
that for a hujidrcd years meteorologists have always given by mis- 
take a temperature too high by almoaiji two degrees Fahr. to the 
atmosphere of Paris. The use of automatic instruments which trace 
on paper, either by a pencil or by photography, the continuous series 
of curves produced ty the oscillations of tomperaturerwill diminish 
many probable errors, and singularly facilitate the comparison of al^ 
the results obtained in different localities. 

If the earth were a globe of perfect regularity, presenting on its 
surface no contrast of land and sea, plateaux and plains, snow and 
verdure, and keeping always at the same distance from the sun, a 
natural distribution of climates would be established over the whole 
circumference of the earth, and one could exactly measure the degree 
of heat by the latitude. At the dl^uator the temperature would be at 
its maximum, and from each side of this line decrease to the poles ; 
thus, as the mathematician Lambert calculated, the total quantity 
of heat received as 1000 under the equator would not be more than 
923 under each tropic and 500 under the polar circle. 

But the earth is not an accurate sphere lighted in an always equal 
manner by the rays of the sun. It is illuminated in a different 
manner according to the seasons, and the features of its surface, 
harmonious as they may be as a whole, have not the perfect symmetry 
of g^eometrical figures. From this results an infinift variety of climate. 
One ^country near the polar circle receives more warmth than 
another |^ituated at a less ^stance from the tropics ; one region of the 
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temperate zone is hot in comparison with certain spaces in the 
equatorial zone. The temperature continually varies, oscillates, and 
changes under the action of winds, currents, meteoric phenomena, 
and vegetation ; and when indicated by lines on the surface of the 
earth an inextricable network is formed of which we can only recognize 
the principal traits. Every season, every day, every minute still 
adds to the entanglement of these various temperatures, for nowhere 
do the periodical evolutions of local climates resemble each other in 
a perfect manner. In moimluinous districts esj^ecially, the least diifer- 
ence of exposure or lieight causes the temperature of two neighbour- 
ing places to varj’’ as much as it* they were scj)aratcd from each other 
by hundreds of miles. Deside the wintering towns on the coast-line 
of Provence and the Maritime Al])s, (^annes, Antibes, Villefranche, 
which arc well sheltered by an amphitheatre ol‘ hills, the sterile valleys 
of the Var, the Loup, and the Siagno open, like fractures of the 
terrestrial crust, making a passage for the terrible mistral, which 
formerly, they said, contributed more than Marius to chase the 
Cimbri from Gaul. The various'^ lines of equal temperature which 
meteorologists have attempted to trace upon maps can never indicate 
more than general averages, tlirough all the extreme lines moving 
incessantly from one side to the other like vibrating cords. And if 
the moan temperature of a single ]>lace is so diflicult to know in an 
exact manner, how much more diflicult to determine with precision 
for the whole of a country, the general clifhate resulting from the 
combination of all the panieular climates. 

Numerous observations made in diflerent parts of the earth have 
demonstrated that the mean temperature, so difficult to ascertain with 
certaint}^ on the surfueo, is constant at a variable depth in the earth 
itself. For ns the solid strain composing the exterior of the globe con- 
duct heat but very slowly, iieither^tlie solar influence can penetrate 
far inwards nor the internal heat radiate outwards, wherefore tJie 
variations of atmospheric temporaturo must ho gradually dimin- 
ished, or oven entirely obliterated, at a certain distance from the sur- 
face. On an average the heat of the day is propagated within the 
ground so slowly that in nine hours it only traverses the first super- 
ficial layer of one foot in thickness. At depths varjdng from two 
to five feet all the diurnal variations of heat completely disappear in 
the temperate zone. The annual variations, much more durable in 
their olfects, penctxifto to a greater depth ; but in consequence of the 
earth being so bad a conerdetor of heat, it is found that at a few yards 
below the surface the order of the seasons is changed ; the summer 
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heat, so much retarded as it penetrates into tjjio ground, only reaches 
the layers from 20 to 25 feet deej) on the return of winter ; on the 
other hand, the cold does not make itself felt in those depths till the 
middle of summer. The surface temperature takes no less than a 
whole month to traverse a layer of earth three feet thick, and in so 
slow a passage it ever tends to approach the annual average. At 
Brussels, the maximum heat having boon felt on the surface on the 
22nd of J uly, only attained the dei)th of 20 feet on the 12th of December 
following, 1 47 days later ; in the same way the interval between the 
cold on the surface on January 23rd and that of the deep stratum on 
June 18th was 143 days ; while the total annual variation of the tem- 
perature, which is about 35 degrees on the surface in this town, is 
less than 2 degrees at 2G feet below. 

The complete neutralization of the influence of the seasons occurs 
at different depths. In tlic cellars of the observatory of Paris, situ- 
ated at 90 feet below the' ground, the temperature is constant and is 
alwaj’s maintained at 53“. On an average it may be considered that 
in the north of Europe all the exterior influences of heat and cold 
have completely disappeared at 78 feet below the surface. The 
better conductors the underlying beds are, and the ndore porous they 
are, allowing air to penetrate from the surface, the greater and more 
rapid are the penetration and radiation of heat. Experiments made at 
Edinburgh by Forbes show that carboniferous sandstone is one of the 
rocks which best conducts heat, for the equilibrium of temperature is 
only found at a depth of 1 05 feet. In countries where the annual differ- 
ence between the heat of summer and cold of winter is very great, it 
is relatively very low in the ground that wo must search for the point 
where all the annual variations are neutralized. On the other hand, in 
those countries where the temj)crature of the various seasons hardly 
differs, it is only about a foot from the surface that the equalization of the 
annual temperature is established. M. Boussingault has ascertained 
that in order to know the annual temperature of New Granada and 
Ecuador, it is sufficient in certain places to introduce the thermometer 
from to 2 feet into the ground.. Under the polar climates, where 
the mean temperature of the atmosphere is below freezing point, the 
few observations that have been made seem also to establish the fact, 
that the zone of neutralization of exterior influences is nearer the 
surface than under temperate climates : in c^tain parts of New 
Britain it is said to have a depth of only 9 to 16 feet.* At Yakutsk, 
where the thermometrio average is 12 degrees Fahr., the same tem- 
• Studor, rhy^ikolische Qeog^aphi$ und t. ii. 
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perature is found at 1 q 0 s than 48 foot ; below this the ground be- 
comes less cold, owing to the internal heat of the earth ; and towards 
390 feet the sounding instruments finally arrive at layers of earth 
which are not frozen. 

Springs, like the soil, often show the average temperature of a 
country, owing to their source in the cavities of the rocks. In- 
deed, by placing a thormomofer in the basins of springs, travellers 
can ascertain the average climate of the regions through which 
they pass. Observations of this kind arc of great use, but they can- 
not replace long and patient study of atmospheric heat. One spring 
is on an average colder than the surrounding air, because its waters 
are produced by the melting of snows, or arise from rains that fell on 
the slopes of high mountains ; another spring, slightly thermal, has 
traversed deep channels, where its temperature is raised by the tel- 
luric heat ; another has passed through fissures which are chilled or 
unarmed bv currents of air circulating in the caverns of the mountains. 
The slight alternations of heat cold occurring in springs are 
analogous to those observed in the waters of rivers. AVatereourses, 
always coder in summer and warmer in winter, have a temperature 
all the more equal the greater their velocity, because they are 
subject during less time to the changing atmospheric influences. 
Thus at Lyons, above the confluence of the two rivers, the fluctua- 
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tions of temperature during variona months of the year are 7 degrees 
less in the furious llhdne than in the peaceful Sa6no. 



CONTEAST OF CLIMATES. 


- 71 


CHAPTER XXIII. 

CONTRAST BETWFEN THE CLIMATES OF THE NORTHERN AND SOUTHERN HEMI- 
SPHERES, BLiWEEN THOSE UF THE EASTERN AND WESTERN BIDES OF CONTI- 
NENTS, THOSE OF THE COASTS AND THE INTERIOR OF COUNTRIES, AND OF 
MOUNTAINS AND PLAINS 

One of the most important climatic facts is that of the unequal dis- 
tiibution of heat in the two hemispheres. The observations made to 
the south of the equator duiing a long series of years are not suffi- 
ciently numerous for it to bo possible to state a contrast of climate 



for each corresponding latitude of the two halves of the globe. But, 
taken as a whole, the northern and the southern hemispheres certainly 
differ in a remarkable way. This is proved by the immense size of 
the Antarctic ice-fields compared to the dimensions of those to the 
north, and the long distances traversed by the flotillas of the former 
in their march towards the equator.* The system of climates like 

• See Chap. V. p. 46. 
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that of winds and currents is drawn towards the noAh, conset^uentljf 
the line of highest temperature which separates the two hemispheres 



Fig Diiitribution of tcniporaturos in Octobor. 


is not identical with llie equinoctial line, but is thrown more to the 
north ; indeed, the thermal equator of the oarlh passes through the 
desert of Sahara towards the twentieth degree of north latitude. 



F4g. lC8.--I>i«tributloD of tcmjicraturcB in Janutiy. 
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During the spring and autumn, as well as during the summer of the* 
northern hemisphere, the greatest heat makes itself felt not only to 
the north of the equinoctial lino, but also to the north of the 12th 
degree of latitude.* It is only during the winter of Europe and Asia 
that the zone of greatest heat occupies the equatorial regions^ and 
even then it is to the north of the equator, in Africa, especially the 
months of the Niger, where the highest temperature is preserved. 
The disproportion which exists between the continental masses situ- 
ated to the north of the thermal equator and those w^hich stretch to 
the south is thus much loss than it seems at first. 

It is probable that the first cause of this climatic contrast between 
the continental and the maritime hemisphere is of an astronomical 
nature, and ought to bo sought for in the difference of relief pre- 
sented b;y the two halves of the planetary orbit. The spring and 
summer of the northern regions arc longer than the eorresponding 
seasons of the southern countries. It is true that during the warm 
season of the northern hemisphere the earth is further removed from 
the sun, and draws nearer to it during the period which is autumn 
and winter for Europe and Asia. A compensation may therefore be 
produced in the two h^^mispheres for the total quantity of heat re- 
ceived, but in consequence of the inclination of the planet on its axis, 
it is also found that the number of hours of daylight is actually 
greater than that of the hours of the night to the north of the 
equator, while to the south it is the hours of the night which predomin- 
ate. It results from this, that the northern countries receive more 
heat during the days than they lose by radiation in the nights, and 
that the inverse phenomenon obtains in the southern regions, f The 
real result of all these contrasts between the two hemispheres is not 
yet clearly established, but it is not to bo doubted that it consti- 
tutes a difference, either periodical or permanent, between the general 
climates of the two halves of the earth. According tp Dove, the 
mean temperature would be 80® Fahr. at the tenth degree of north 
latitude, and only 78® at the corresponding south latitude ; at the 
20th degree the averages would be respectively 77‘5° and 74®; at the 
thirtieth and fortieth degrees of the two hemispheres there would be 
still a slight difference to the advantage of the northern temperatures. 
According to Duperrey, there is a difference of about 1*8® in the mean 
temperature of the two halves of the earth. 

Among the secondary causes which must result in rendering the 
climate of the northern hemisphere a little warmer than that of the 
* See figs. 151, 152. f Adh^mar, Lehon. 
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Bouthom, we must reckon the distribution of rain. Considered in a 
general manner, the seas of the south are the area of evaporation, the 
continents of the north that of precipitation. When tho water of tho 
Ocean is transformed into vapour, a great quantity of caloric becomes 
latent, and is bonie away with the clouds, tho particles of which it 
dilates ; with thorn it traverses the equator, and is carried away by 
tho counter trade-winds ; then, when the latter sink on tho temperate 
regions of Europe and North America, tho clouds descend also, and 
are resolved into snow or rain, when all tho latent heat from the Pacific 
or Indian Oceans, stored up in the vapours, disengages itself and 
softens tho temperature of the air, where it becomes free. Thus by 
•the very fact of tlieir existence, the continents of the northern hemi- 
sphere attract to themselves the heat and moisture necessary to the 
development of fhe animals and plants inliahiting tluun ; but they 
also experience greater extremes of temperature than those of tho 
southern heniis])here, where the immense extent of ocean moderates 
the intense cold and great heat. 

If there is a contrast of temperature between the north and south 
of the world, tho opj)osi(ion is not less lUtirked between the east and 
west of continents. On the same latitude the coasts of California 
and Oregon enjoy a much milder climate than those of Japan, Munt- 
chooria, and Nicolajewsk; while in western Europe the atmosphere 
is as temperate ns tliat of tho eastern coasts ^f North America 20 
degrees of latitude nearer the equator. 

The causes which thus soften the climate of the western shores in 
the two great continental masses of the north arc due undoubtedly 
to the atmospheric and marine currents. The northern Atlantic 
and Pacific have eacdi their Gulf-stream, and winds from tho south- 
west, and these two 8uperi)oscd currents constantly discharge their 
warmth on the shores washed by their waves. Europe ^ especially 
favoured in this respect ; not only is it warmed on the west by cur- 
rents of water and counter-trade winds coming from the equator, but 
owing to the larger extent of water to the north of the continent, 
from the tropical seas having a great coast-line washed by the 
waves; it is loss chilled by tho polar winds than North America, 
wdioso seas are blocked by snowy islands. Whilst Labrador and 
Hudson’s Bay Territory have a soil that ns frozen to a great depth, 
Northern Europe projects its islands and peninsulas into water inces- 
santly renewed by tho tepid currents from tho south, and its inland 
seas open like so many reservoirs to maintain to the centre of tho 
continent a temperature equal to that of the outer shores. Nor is 
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this all.: immediately to the south of Mauritania extends the im- 
mense furnace of the Sahara, which warms by its winds the countries 
of Europe and western Asia. Thus in respect of climate Europe 
enjoys a special privilege. The north, the west, and the south all 
aid in the task of raising the mean temperature, and during sumtnor 
all the surrounding seas store up heat to exhale it grtidually during 
the winter. The east, however, sometimes sends its dry winds, very 
hot in summer, and intensely cold in winter ; but the Sc'anrlinavian 
mountains, the Sudetes, the Carpathians, and the Alps, rise like bar- 
riers across the path of these winds, and shelter western Europe. 
Wo may form an idea of the influence of the winds on the climates 


N 



Fiff 101.— Varifttion of tlio temporaturo at Paris, during tlio pivvalcncc of (lifrerent winds ; after 
Mahlniatiii and Lalanne 

of France and England by the accompanying figure ; while occasion- 
ally the north-east winds raise the summer temperature of Paris, and 
depress that of winter almost to freezing-point ; the winds from the 
south-west equalize the climate, bringing freshness during the warm 
season an^ heat during the cold. 

Another great climatic contrast is that presented by the sea-shore, 
and the regions situated in the interior of continents under the same 
latitude. In consequence of the incessant mingling of its waters, the 
sea equalizes temperatures ; into the polar regions it pours the warm 
waters from the equator, under the tropics it receives the afflux of 
the polar currents ; the involution of its waves bringing coolness to 
the burning zones, and carrying warmth to the region of snows. 
Owing to its mobility the sea has, so to speak, no degrees of latitude ; 
it mixes climates, diminishes the extremes of heat and cold on the 
shores which it bathes, maintains in the march of the seasons a pace 
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much more gentry graduated than it is in countries remote fFom the 
Ocean. To countries which would bo subject to polar cold if they 
were not situated on the border of the waves, the sea imparts the 
warmth of the temperate zone ; it prolongs spring into summer, 
and autumn into winter. The intense cold and overwhelming 
heat to which one is subjected in the interior of continents are 
completely unknown in the open sea ; no traveller has yet ob- 
served any oceanic temperature above 88 degrees.* Wo may judge 
of the moderating iiiflueuee of the sea by the comparison of two cities 
situated neaidy hi the same latitude, one in the interior of the contin- 
ent, and the other on the shores of the ocean, such as Plymouth, 
¥athed by the mild vapours of the Channel, and Warsaw, placed 



Fig 155 - Continental c lin ntc of W’arsaw, mid octanie climate of ri,> mouth. 


nearly in the centre of the continent of Europe. M. Emmanuel 
Liais, who has deeply studied this question, has taken as an example 
two places much nearer to one another, — Paris and Cherbourg. 
Though this latter town is nearly one degree of latitude more to the 
north than Paris, its moan temperature is notwithstanding higher : 
it is 52*3", that of Paris being only 51*3". The difference is much 
greater between the winter climates of the two cities, for during a 
series of nine years the mean temperature of the throe winter months 
was 44® at Cherbourg, and 38" at Paris. The contrast between the 
winter temperature of the two localities is all the stronger the in- 
tenser the cold at Paris, for it is precisely then that the relatively 
warm waters of the sea exercise their greatest influence in softening 
the climate on the coast. On the other hoiA, the sea lowers the tem- 
perature of Cherbourg, for in summer the warmest month is cooler 
by 2*6® than Paris. In short, the six months from October to March 
are warmer^ while the six months .tVom April to September are cooler. 

* Kamtz, Meteorclofftc. 
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The greatest difference between the highest and lowest annual tem- 
perature was 78” at Paris during the four years which elapsed^from 
1848 to 1852 ; at Cherbourg it was only 06® during the same period. 
This difference between the climates of the coasts of Cotentin and the 
valley of the Seine produces a corresponding difference between the 
vegetation of the two districts. In the environs of Cherbourg fig- 
trees, laurels, myrtles, and a great number of other species of trees 
and shrubs, which would perish in the neighbourhood of Paris, are 
very luxuriant. It is the same on all the •coasts of Brittany, and 
especially at Roscoff, where an enormous fig-tree is to be seen, one 
of the most magnificent of the wonders of the vegetable world. 

The contrast is greater still between islands surrounded by a comv 
parativciy warm sea like Ii eland and Great Biitain and the regions 
entirely * continental, situated, like the steppes of Tartary or the 
plateaux of Central Asia, at more than 600 miles from the shores of 
the Ocean. While in Ireland, which is bathed by tho waters of the 
Gull- stream, a temperature comparatively cool in summer and warm 
in winter preserves a constant vegetation transforming it into 
the “emerald isle of the seas;” tho steppes of tho Bashkirs, lying 
under the same latiiudo, are by turns burnt up by tho heat and 
frozen by the cold; and all vegetation there is impoverished. In 
the environs of Astrakhan, which is at the same distance from the 
equator as the \ineyaids of the Charente, the grapes yield excellent 
wine, owdng to the great heat of summer, but have to be buried in 
wdntcr to escape the fatal action of the cold. 

Tlie other climatic contrasts observed in different countries at the 
same latitude result from the variety of surface and soil. High 
mountains change tho normal temperature of a country either by 
arresting or turning aside w’arm or cold winds, or by lowering the 
temperature of the atmosphere and depriving it of the moisture 
which it contained. Forests ha\ e also theii action. They shelter 
the ground against the rays of tho sun, and when the heat received 
by the earth returns into space, their interlacing branches are an 
immense obstacle to radiation. The general influence which they 
exercise on climate is moderating just as that of the sea: they assimi- 
late extremes by cooling the summer and warming the winter, in 
the some way that a moieif; and marshy soil receives heat more slowly 
than arid lands or sandy tracts, but also retains it with more tenacity. 
Each exterior feature of the planet modifies tho local climate and dis- 
tinguishes it from that of every surrounding district in its diurnal, 
monthly, annual, and secular oscillations. 
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CHAPTER XXIV. 

ISOTHEHMAL LINES.— THERMAE EQUATOR.— POLES Ol' COLD. — INCREASE OF 
TEMPERATURE TOWARDS THE POLES. — OPEN SEAS. 

FjFTi' years ago TTumbolut first conceived the idea of uniting by 
lines all parts of tbe eartli, having the same annual average teq^iper- 
ature. These imaginary lines, traced on the eircunifcrende of the 
globe, are called iaothcnnalH ; they give the thermal latitude, which 
differs widely* from the geometrical latitude. While the lines of 
degreef traced every 09 J miles parallel to the equator are of a perfect 
regularity and correspond to other imaginary lines traced by astro- 
nomois on the skies, the isothermals are contorted in numerous 
sinuosities of difierent forms in all parts of the earth. The various 
causes which modify the temperature of a place, and consequently 
curve the isothermal linos towards the pole or the equator, have been 
enumerated with the greatest care by Humboldt. Next to latitude, 
the principal causes known * are the direction of the atmospheric and 
marine currents, the elevation above the sca-lcv(d, tbe arrangement 
of raountaiii-ehains, the outline of the coasts, their relation to the 
neighbouring seas, the nature of the soil and vegetation. 

The thermal equator, that is to say, the curve of the greatest 
avenge heat on each side of which the temperature gradually dimin- 
ishes towards the poles, lies almost entirely in the northern hemi- 
sphere, which is warmer than the southern. According to the 
observations of meteorologists, this line traverses America near the 
isthmus of Panama, at the point of junction of the tw'o continents, 
then runs along the coasts of Columbia, Venezuela, and Guiana, to 
the embouchure of the Amazons, and there bends slightly to the 
south of the equator. Over the Atlantic the curve of the greatest 
heat ascends obliquely toV^a^ds the African continent and the Sahara, 
the hottest region of the whole world. The precise direction taken 
by the thermal equator is not yet known either in this burning 
country or in the Arabian desert, or over the coast of the lu'lian 

♦ Soc above, p. C6. 
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peninsula : it is only certain that in traversing the Old World it 
continues to keep north of the equinoctial line. In the sea of Sunda 
and the Pacihe Ocean it bends again to the south, and perhaps pene- 
trates into the southern hemisphere at various points. Seeing the 
want of continuous thermometrical observations over a long period 
of time, the thermal equator can only as yet bo traced on the maps 
in a provisional manner : it is simply an ai^proximation that subse- 
quent researches will bring nearer and nearer to tlje truth. 

Over various points of this line *of greatest heat the temperature is 
far from being the same everywhere. Above the Ocean it is from 
77® to 79®; on the coasts of Columbia and Guiana it is 81® on an 
average; at Calcutta it attains 82’5®; at the mouths of the Niger it 
is much greater (85*3®), and undoubtedly in many j)art8 of the 
interior of Africa and Arabia never reached by refreshing breezes 
from the sea the mean temperature of the year is still higher. Thus 
the tracts where this exceptional heat prevails form on the f ourse of 
the thermal equator a sort of island, the outlines of wliich wander 
according to the differences of relief on the surface and the atmo- 
spheric phenomena. The researches of Mahlinann have proved that 
islands of less heat exist in the tropical zone, and that the thermal 
equator sometimes bifurcates and encloses colder regions. 

The sinuosities of the isothcrmals properly so called are caused 
over all the terrestrial circumference by these isothermal islands of a 
higher or lower temperature. In the southern hemisphere, where 
the continents are diininibhed gradually towards the south, and where 
the moderating influence of the Ocean tends to eliminate all climatic 
differences, the lines of equal annual temperature seem to be pretty 
regular, and in tlic Antarctic Ocean they may be considered parallel 
to the degrees of latitude. The most marked curves of these, isothdr- 
mals of the south are those which are developed immediately to the 
West of Africa and South America under the influence of the currents 
of cold water which flow tow'ards the equator along the coasts of these 
two continents. 

In the northern hemisphere the sinuosities of the isothermal lines 
are much more marked than those in the southcni, and cut the degrees 
of 'latitude at all angles. Considered in a general manner, the 
iBothennal lines of the northern hemisphere have the form of a double 
wave, the crests of which rise above the western shores of Europe, 
and towards those of California, while the depressions coincide with 
the eastern coasts of the Old and New World.* The highest isother- 

• Sec Chap VIII. p. 71. 
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mal wave is that which rises off the coast of New England, New- 
foundland, and Ireland, the culminating point of which is found to 
the north of the British Islands ; one woidd say that it was traced 
over the Gulf-stream, and in fact it is this current of warm water 
which drives the whole system of isotherms towards the north. The 
line of 59° Fahr. which passes over the coast of North Carolina, near 
Cape Ilattcras, cuts the south of France from Bayonne to Montpellier 
at 9 degrees latitude] further to the north. Between New York and 
Dublin, where the mean tcmperatilre is the same (50°), the difference 
of latitude is l?i°, it is 10° or nearly 1100 miles between Quebec 
and Trondhjein, where the isotherm of 09*2° passes. And the differ- 
ence is still greater for the Unc of freezing-point. 

Whatever may be the siniiohities of the lines of equal temperature, 
they all indicate a more or l(‘ss rapid decrease of heat between the 
equator and the two polar zones. In the noilherii hemisphere it 
has been possible to truce approximately the various isothermal lines 
as far as that which gives an average temperature of 5 degrees, but 
beyond this observations have been too rare for it to be possible to 
mark lines, the course of which is not almost entiiely hypothetical; the 
general direction, however, of the curves renders it very probable that 
in the polar circle there exist at least two isothermal islands of cold 
corresponding to the two isothermal islands of heat which are found 
in the neighbourhood of the e(]uator. According to Brewster, there 
are in the Frozen Ocean of the north two of these regions of great- 
est cold, real meteorological poles moving incessantly according to 
the alternations of the seasons, but in all their oscillations keeping 
themselves at several himdrcd miles distant from the geometrical 
pole. One of these poles of cold is found to the north of the Asiatic 
continent not far from the aicbipelago, known under the name of 
New Siberia, and its avcnige temperature is about 1’5°. The 
American pole oscillates in the midst of the western islands of the 
polar archipelago, and the average there is more than 2^ below 
zero. The researches of Muhry have rendered it very probable that 
in the Antarctic hemisphere there also exist two poles of cold.* The 
regions whose climate is most severe would thus be situated under 
latitudes which man has already visited, and consequently the poles 
probably so called would not bo that formidable citadel of ice tliat 
geographers once imagined. It is erroneous to believe in the exist- 
tace of an ice-field all round the pole gradually thickening towards 
the centre ; and erroneous to pic^iire to oneself the two extremities 
• Z9ii9chri/t fw> MtttorQlogie von Jehnek, 1867 . 
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of the terrestrial axis as for ever inapproachable, because of Ae 
intensity of the cold. 

Besides, the calculations of the mathematician Plana tend tei make 
us believe that the total quantity of heat received increases gradually 
from the polar circle to the central depression of the Arctic zone. 
According to the researches made a long time since by the mathema- 
tician Lambert, it was thought that the total insolation at the equator 
being taken as 700 it would be no more than 64G at the tropic of 
Cancer, 516 at the 45® of latitude, 350 at the Arctic circle, and that at 
the pole itself it would be represented by the much lower number of 
287. In consequence of elements neglected in these calculations, it is 
found, on the contrary, that the mean temperature, after having gradu- 
ally decreased from the tropics to the limits of the glacial zone, after- 
wards rises in a normal manner as far as the polo, which would thus be, 
at least theoretically, the warmest point of all the polar region, the 
cold being loss severe at the North Polo than it is on the coast of 
North Ajnerica^and Siberia at 1600 miles further to the south. 
However it may be, it is certain that during the six months of summer 
the insolation is greater at the pole than at any other part of the 
Arctic zone, for, according to the expression of M. Gustave Lambert, 
“it is always noon’’ during the summer of the pole because of the 
position of the earth relatively to the sun. According to calcu- 
lations made by Halley, nearly two centuries ago, the summer mean 
must increase from the 60® of latitude to the North Pole in the pro- 
portion of 9 to 10. 

The experience of polar navigators has fully confirmed the results 
of the theory, according to which the series of Arctic iso thermals 
would mark a gradual increase of temperature. On his celebrated 
voyage of 1827 Parry ventured with fils bold companions on the 
great ice-field, which extended to the north of Spitzbergen. Imagin- 
ing that this field was a real continent of ice, he hastened to cross these 
polar regions as if they were the frozen steppes of Siberia ; but as the 
sledges advanced towards tho north, the ice-field became lighter and 
more fissured. It was floating to the south, carried along by a drift- 
ing current, and before the travellers, on tho side next the pole they so 
much desired to approach, stretched an open sea where floated only 
a few scattered pieces of ice. At the extreme point of his perilous 
expedition towards the north, Eane also discovered an immense 
sheet of water completely free from ice, and^that immediately to tho 
north of Smith’s Strait, where the mingled fragments of glaciers and 
ice-fields form a labyrinth difficult to traverse. To the north of the 
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coasts of Siberia, all encumbered with “toroses,” Wrangell and 
other navigators have also ascertained the existence of an open sea 
to which they have given the name of Polynia. Finally, in the Ant- 
arctic hemisphere, Sir James Eoss found tracts relatively free from 
ice beyond that high wall through which he had to make his way 
with so much difficulty, ^’hus it may be admitted as probable that 
there does not exist a region of unbroken ice at the two extremities 
of the earth, but rather an open sea with a relatively elevated tem- 
perature, and surrounded on all sides cither by islands and archipela- 
goes, or by a circular ice-field. The two girdles of northern and south- 
ern ice would be, as M. Charles Grad says, the visible representation 
of the isothermal lines of the lowest temperature, alid on each side 
the severity of the cold would diminish. 
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CHAPTER XXV. 

EXTREMES OF TEMPERATURE. — ISOOHIMENAL AND IBOTHEBAL LINES, — DAILY AND 
MONTHLY VARIATIONS. — DEORB ABE OF WARMTH IN THE UPPER STRATA OF THE 
AIR. — VARIATIONS OF CLIMATE DURING THE HIS'rORICAL PERIOD. 

The total difference observed on various points of the earth between 
the highest and lowest extremes of temperature much exceeds 300 
degrees. Captain • Back endured at Fort Reliance, in English 
America, 70" below zero, which is hardly inferior to that which is 
believed to prevail in the interplanetary spaces ; a Russian traveller 
observed near Semipalatinsk 72 degrees ; still more, Gmelin is said 
to have experienced (?) at Kiringa, in Siberia, the truly terrible cold 
of 121" below zero,* while M. Duveyrier, travelling in the country 
of the Touaregs, saw the thcrmometric column indicate a warmth of 
155‘5". Thus, without taking into account the observation probably 
erroneous, the series of ascertained temperatures includes from 250 to 
260 degrees, and man has certainly to endure frequently extremes of 
cold and warmth without being able to measure them still greater 
than those which have been regularly observed. Even on one point 
of the earth the highest and lowest temperatures in the course of the 
year often present the enormous difference of more than 144 degrees. 
In the vast frozen plains of North America, where Back had to endure 
the severe cold of 70" below zero, Franklin experienced during the 
long summer day a torrid heat of 87®. Between these two extremes 
the scale of temperature traversed in the year is about 157 degrees. 
Not far from the equator the so-called “ burning regions of the 
Sahara present, according to Duveyrier, a thermometrical difference 
almost as considerable as that of the polar countries of New England.! 
This is because, in spite of the difference of latitude, the deserts of 
Africa and the granitic plains of North America resemble each other 
by their continental position, and the relative uniformity of their 
relief. Remote from the Ocean, Jthat great ei^ualizer of climate, and 

* Thomson ; Sir John Hersohel, Fhytiedl Geography , p. 238. 
t See in *' The Earth ” the section entitled, F/aine. 
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destitute of high mountain-chains, which could arrest the cold or 
warm winds blowing from different points of the horizon, these 
countries must be subject to very abrupt alternations of temperature. 
How much more equable are climates where the moderating hetion 
of marine waters, — as at Surinam, the Canaries, and Madeira, — or else 
the shelter offered by a rampart of mountains, — as on the coast of the 
Genoese Alps, — maintaining a temperature whose extremes only 
differ from 20 to 50 degrees. In France, a country which represents 
a fair average through a groat many of its physical features, the dif- 
ference between the intensest cold and greatest heat rarely reaches 
99 degrees, and in ordinary years docs not exceed 81°. During all 
the series of meteorological observations made at Paris during the 
last century, the meicury has oscillated in all 11 0*5°; at Nice the 
greatest variation has been 78". 

Tlirough this greater or less change in the height of the thermo- 
meter in various countries of the world, it results that the lines of 
equal temperature for each season, and more still for each month, are 
much more sinuous than the isothern^^ls of the year. The name 
of ihochimenal lines is given to those which unite all the localities 
where the winter temperature oscillates to about the same extent ; 
the iaothcral lines are the curves drawn through those places wdiich 
present on an average the same summer temperature. W e can also 
cover maps with iwral lines, or equal temperature in spring, and 
isomctojjoral linos, or equal temperature in autumn, and homvmil lines 
or curves of average heat for each month in the year might even be 
drawn across the continents and seas. But meteorological observa- 
tions not being yet numerous enough for this immense labour to offer 
all the certainty desired, it is better to limit oneself provisionally to 
the study of isotheral and isochimcnal lines, wdiich liave, above all 
other lines of seasonal or monthly temperature, the advantage of indi- 
cating the extreme periods in the alternations of heat. 

The direction followed by tbe isotheral and isocbimenal lines in 
Europe and North America is a singularly striking example of the 
influence which the unequal distribution of land and sea exercises 
on climate. In summer, when the northern hemisphere is inclined 
towards the sun, and receives the greatest quantity of heat, the 
countries situated in the interior of the continents of the north are 
much more heated than those bordering on the sea. During the 
cold season the contrary takes place : the winds and the ourrents 
coming from the equatorial zohe temper the severity of the cold in 
the neiglij|>ourhood of the coasts, while far into the continents the 
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tempering influence of the Ocean and the aciial currents of the 
south make thoraaelves much less felt. Consequently the isotherai 
lines curve towards the north in the two northern masses of the Old 
and STew World, and bond to the south in traversing the Atlantic 
and the Pacific ; on the other hand, the isochinienal lines bend to 
the south in their passage across the continents of America, Europe, 
and Asia, and curve in certain places by more than 600 miles to 
the north in crossing the sea. The contrast between the curves of 
the continental climate and those of the oceanic becomes still more 
striking when we take, in order to oj^pose them to one another, as 
Kiepert did, the isothermal lines of January, which is on an average 
the coldest month, and those of July, which is the warmest. In 
Grreat Britain especially this opposition of winter and summer 
climates is remarkable. The mild influence of the Gulf-stream and 
the west winds goes even so far (as is shown by one half of Fig. 156) 
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as completely to lead back the isochimenal lines, which are thus 
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developed from the south to north, instead of running from west to 
oast parallel to the degrees of latitude. 

We can understand the decided influence which these inequ^ities, 
with their alternations of warmth in countries having in other r^ 
spects the same mean temperature, must exorcise on plants and 
animals. One kiiid, which can well support the severity of winter 
without dreading the heats of summer, is propagated over vast 
regions in the interior of continents ; another kind, which shrinks 
from the low winter temperatures, when remote from the sea- shore, 
docs not pass latitudes which it crosses by several degrees in the 
neighbourhood of the Ocean. Thus the elk lives in the peninsula of 
Scandinavia, which is bathed by the tepid waters of the Gulf- 
stream, at 700 miles further north than in Siberia, with its extremes 
of heat and cold.* 

The course of the various isothermal lines depends in great part 
simply on probabilities, since between all the points whose temper- 
ature has been observed during a longer or shorter period of years, 
or only months, there remain here ancf there wide intervals whore 
no thcrmomctricul notes have yet been made. There are uncertain 
spaces through which meteorologists cannot* draw lines of equal 
temperature, inasmuch as they have no series of precise observations 
on which to base them. Thousands of persons in the United States, 
Canada, the Antilles, Hindoostun, and South Afriga, have joined their 
efforts to those of all the ofiieial savants to note down the innumer- 
able oscillations of heat and cold, which by their grouping may 
reveal the laws of temperature. Day after day they ascertain the 
horary variations which afterwards allow them to establish the mean 
heat of the day, month, and year, and then to compare the place 
whoso condition they have studied with other localities where the 
alternations of heat and cold succeed each other in a more or less 
analogous manner. 

From millions of horary variations which have been observed 
for a century in various parts of the world, it results that the great- 
est heat of the day makes itself felt, on an average, between one and 
two o’clock in the afternoon, while the lowest temperature precedes 
sunrise by an hour, or even half-an-hour. It is easy to understond 
why the extremes of heat and cold do not coincide exactly with 
midday and midnight. After midday hour, when the sun again be- 
gins to incline towards the hor^on, its rays continue to heat the 
ground and the atmosphere ; it is only later that the loss of warmth 
* See the two following books. 
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DIUENAL VAEIATIONS IN TEMPEEATTJEE. w 

caused by radiation equals, and then exceeds, what is gained, and the 
temperature begins to sink. During the night the eontrury phe- 
nomena occur; the earth and the atmosphere which surrounds 
grow colder till dawn announces the near appearance of the sun, and 
the nocturnal radiation is compensated for by the increasing heat of 
the new day. In the island of Java the diurnal heat attains its 
maximum a few minutes after one o’clock in the afternoon, and is» 
on an average, found at its minimum a little before six o’clock in 
the morning. At Paris, according to the observations of liouvard, 
the highest temperature (58°) makes itself felt at two o’clock in the 
afternoon, the lowest (45°) falls at four o’clock in the morning, and 
the mean heat of the day, which is at the same time that of the year 
(51*2), returns at the corresponding periods of 8.20 in the morning 
and the same hour in the evening. 



Fig 157.— Diumal vanations in the mean temperature at Pans. 


The monthly variations present in their regular oscillations the 
same phenomena as the hourly ones. It is not at the solstice of June 
that the northern hemisphere enjoys the greatest quantity of heat, 
and it is not at the solstice of December that it is subject to the severest 
cold. After the sun has ceased to illuminate from the zenith coun- 
tries situated beneath the tropic of Cancer, the heat still augments till 
J uly and even till August in a great many regions situated towards 
the north pole, and in mountainous countries. On the other hand, the 
greatest cold of the northern hemisphere continues and is even ag- 
gravated when the solar rays already bring nn increasing quantity of 
heat. In Europe and North America it is the month of January 
that is ordinarily the coldest ; and there are even some towns, like 
Palermo, Gibraltar, and New Orleans, where the lowest temperature 
of the year falls in February, hardly a month before the vernal 
equinox. 

In the neighbourhood of the equator, illuminated by a vortical sun, 
the monthly variations of temperature are much less important than 
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in countries situated beyond the tropics, and they depend much more on 
the direction of the winds and the alternation of rains and droughts, 
than on the position of the sun in the ecliptic. Thus at Singapore 



the total difference between the coldest and hottest mouth is scarcely 
3 5 degrees. To the south of the equinoctial line the monthly vari- 
ations become more and more considerable, but in the reverse order 
to that ascertained in the northern hemisphere. It results from the 
researches of Dove that, taking the average of all the temperatures 
over the whole world, the month of July is the hottest of all the 
year. 

In order to account for the average variation of cold and heat from 
month to month, and at different hours of the day, meteorologists 
have had the ingenious notion of drawing curves which, by their 
deviation from the central point, taken as zero, indicate the hourly 
temperature for every month of the year. We give as example of these 
diagrams a figure which enables one to read the temperature of 
various hours at Brussels during all^ihe cycle of a year. Another very 
elegant figure (Fig. 160), drawn by M. Leon Salanne, after the data of 




Fig. 159.>-TeniperrftiiroH of tho some hours in different mouths, at Brussels . after Qu^tolet. 



JKor ipn Hay June Jid. Aag Sept Oct Fovr Dec. Jan. Fet. Hot 


Fig. 100.— Variitlon of the mean monthly tempenturo» In the Mine houn : at Halle. 
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vertical lines wliicli indicates the degree of heat. Thus, as is seen 
by figure 161, constructed with the same elements, the difference of 



Fig ICl.— Temperature of the different hours at Halle. 


temperature between day and night is much greater in summer than 
in winter. Besides, the curves show clearly^ that the long summer is 
followed by a short one called ‘‘ St Martinis summer, and that a 
return of cold is generally felt in May. ' 

Above the surface of the ground meteorologists observe in the 
atmospheric strata a decrease of temperature similar to that which 
takes place between the torrid and tl^ frigid zone. The rarefied air of 
the upper regions must necessarily be chilled the nearer it approaches 
to the cold interplanetary spaces, and lo:»es the watery vapour which 
serves us a screen for the nocturnal radiation of heat. Nevertheless, 
it is seldom that the temperature falls in a perfectly regular manner 
from the surface of the ground and the ocean to the heights of the 
atmosphere, for winds, clouds, and other meteoric phenomena incess- 
antly modify the condition of the aerial strata, and frequently those 
which rise on the sides of a mountain penetrate from a relatively cold 
zone to a more elevated temperature. The order of the climates is 
found reversed. Thus in the winter from 1838-1839 the cold w'as 
4” below zero at Andancette, on the banks of the Rh6ne, while in the 
mountains of St Agreve, at 3690 feet higher, it was 10*4 above zero. 
In the same way Mr. Qlaishcr ascertained in the night of October 2, 
1867, a continuous increase of warmth to the height of 984 feet. In 
other ascents the same aeronaut had found no appreciable change 
between the temperature of the ground and that of the atmosphere to 
the height of 2300 feet.* Besides, 3L Prestel has proved, by long and 

* Kamtz and Martiui, JdeUorohgit^ p. 200 ; Marie Davy, Let Mouvemmt dt VAtmoepKerty 
p. 104. 
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J)rc( ise observations, that in that portion of the air which rests imise* 
diately on the ground the heat increases constantly from below, to at 
least 30 feet.* In consequence of meteorological perturbations this 
zone of increasing temperature may sometimes rise to a considerable 
height above the surface. 

Unfortunately, the scries of regular observations made at a great 
height are still very rare ; and even in Switzerland, where so many 
eminent men busy themselves in scientific researches, there only 
exist two points above 2000 feet, the hospice of St. Bernard and the 
pass of St. Qotl^rd, where the monthly averages of temperature are 
ascertained with certainty. It is therefore only in an approximate 
manner, that we have been able to calculate the laws according to 
which the heat- diminishes in the higher strata of the air during the 
various seasons. At all oveiits, it is certain that during the summer 
and in full sunlight, the aerial strata of different temperature are 
much thinner in proportion than in winter and during the night. 
One could say in a general way, with Ilclmholz, that on the sides 
of the Swiss mountains the heat diminishes upwards by one degree 
at intervals of 300 feet in summer and 450 feet in winter; according 
to M. Charles Martins, the average intervals for the entire year 
w’ould be from 312 to 315 feet. Other savants have found slightly 



Fig. 162.-~Succe8Bion of Climates on the slopes of Mont-Blanc. 


diflPerent figures. Thus de Saussure, to whom the honour belongs of 
having first made observations of this kind, ascertained that on the 

* Zeitaehrift fur Metaorologie von Jelinelc^t Jan. 1, 18C7. 
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western slopes of Mont Blanc the decrease of temperature during the 
warm season was about one degree for 300 feet. However, each 
mountain differs in this respect, and on isolated peaks like lo Ventoux 
the superimposed climates are much closer to each other than on the 
sides of heights which form part of vast mountain systems. 

Studer estimates the average height of the isothermal line of 50 
degrees in the Alpine masses, at 1300 feet high ; the line of 41 de- 
grees would rest at 4200 feet above the sea-level ; that of 32 degrees 
would surround the mountains at 7200 feet, and the temperature 
would continue thus to diminish one degree for everj^ 300 feet to the 
summits. Thus in tlie map® which represent the relief of the moun- 
tains by concentric curves of level, these curves may serve to illustrate 
not only the increase of altitude, but at the same time the fall of the 
average temperature ; they arc like superimposed degrees of latitude. 
F urther, the observations of aeronauts have rendered it probable that 
in the upper regions of the atmosphere the interval increases more 
and more for every decrease of one degree in temperature. Beyond 
the limits of the atmosphere all the heat wliich the rays of the sun 
impart to the earth disappears in the cold of bj)ace, which is estimated 
at about 108 degrees below the freezing point, and reigns supreme 
throughout interstellar space. 

The study of the climates which now' prevail on the surface of the 
globe ought to be comjjleted by that of the changes experienced 
during historical times; unfortunately, the earliest meteorological 
observations date from an epoch so recent, and the too scanty and 
very uncertain facts on which w’e have to depemd to arrive* at a know- 
ledge of the condition of the temperature in fonner centuries, do not 
authorize us to establish a precise law of the modification of climates. 
Long ago Arago attempted to establish, by very ingenious consi- 
derations, that in the space of the last 30 centuries ralestinc has 
continually enjoyed a temperature from 70 to 71 degrees; for now, 
as in the times of Jewish history, the northern limit of the zone 
where dates ripen and the southern limit of the vine coincide, on the 
banks of the Jordan.* Nevertheless, Arago did not refuse to believe 
that in western Europe the laws regulating the temperature have 
notably altered ; this is proved, ho says, by the gradual retrograd- 
ation of the vineyards towards the south. In oui^days the vine is 
* no longer cultivated on the shores of the Bristol Ohanuel, nor in 
Flanders, nor in Brittany, and in these countries which the chron* 
iclers — ^perhaps too laudatory — toll us produced exquisite wines, 
* jiimalet dM lonQii\ide%^ 1834. 
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grapes cannot ripen now save in exceptional years. Mr Fuijter 
says that titles of property going back as far as 1561 state, that 
formerly the vintage took place at heights of 2000 feet on the sides of 
the mountains of Vivarais, where in the present century the vine ncx 
longer bears fruit. In the same way in the environs of Carcassonne 
the culture of the olive-tree has retrograded from 9 to 10 miles to 
the south in a hundred years ;* the sugar-cane has disappeared from 
Provence, where it was acclimatized ; the orange-trees of Hyeres, the 
cultivation of which extended in the 16th century as far ns the viU 
lage of Cuers, have been struck with disease under a sky that is no 
longer favourable to them, and have been obliged to be replaced by 
trees with less delicate fruit, such as peach or almond-trees. Ought 
we to see, with’ M. Alphonse do Candolle, in this gradual retreat of 
the vino«^, olives, and orange-trees, only a simple economical fact re- 
sulting from the greater facilities for commerce, or is it indeed allow- 
able to infer from these facts that the annual temperature, or at least 
the summer heat, has diminished in France since the Middle Ages P 
It seems impossible to reply with certainty. 

It is known also that in many parts of the Alps tradition speaks 
of a continuous refrigeration of the moun tains. f According to all 
the botanists who have travelled in the Alps of Savoy and Switzer- 
land, and the Carpathians, the limits of the high pine forests have 
sunk sensibly on the slopes of the mountains. M. Kenier estimates 
the retreat of the forest vegetation at over t300 feet in vertical eleva- 
tion during the last two or three centuries: everywhere are per- 
ceived, beyond the present limits of the greater vegetation, the re- 
mains of dried-up trunks and half-decayed fragments of immense 
roots. Perhaps mankincl and the animals which accompany them to 
the high pasture grounds — cows, sheep, and especially goats — are the 
true authors of this gradual decline of the limit of trees. In the 
course of centuries the forest has little by little ascended the escarp- 
ments and the slopes, the higher trees protecting the smaller ones 
from the cold with their branches ; but if the least attack be made on 
this battle front either by the axe of man or by the teeth of animals, 
wind, snow, and avalanches instantly profit by the gap, and the 
forest begins to descend on the slopes of the mountains. Some 
botanists attribute this retreat of the pine forests not to the diminu- 
tion of the annual heat, but to the groat inequality of the tempera- 
ture, to the more sudden alternations of cold and heat, to the frosts 

* Bourlot, Variations do latihtdo ot do elimatt p. 46, 
t Seo in “ Tho Earth ” the section entitled, Snow and Olacitro. 
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and thaws of the spring. Whaj^ renders this hypothesis very pro- 
bable is, that in the plains of Hungary constant encroachments of the 
plants of the Steppes have been observed in a westerly direction, and 
yet no movement in the contrary way has been remarked of western 
species. It is concluded from this that the excessive climates ad- 
vance gradually towards the west.* 

Besides this, direct thermometric observations have proved that 
for a century the cold has slightly increased at various places in Ger- 
many, at Ratisbon, Prague, Hamburg, and Arnstadt ; the month of 
December having become relatively much colder, while January has 
become notably warmer, f On the other hand, Glaisher has ascer- 
tained that the moan temperature of England has increased by 2 
degrees in the last hundred years, and for the single month of Janu- 
ary the increase of temperature is no less than 3*'. In France the 
extremes have drawn nearer to each other, the climate having be- 
come milder and more equable. 

Another climatic change seems likewise to be proved : Iceland and 
eastern Greenland have become much coldci since the 14th century, 
for in the first-named country the large trees have ceased to grow^ 
and on the opposite shores of Greenland a number of valleys, formerly 
inhabited, have become completely inaccessible in consequence of 
being invaded by ice. However it may be, we cannot doubt that 
climates are incessantly modified in a more or less sensible manner 
over all points of the terrestrial surface, since the physical phenomena, 
from which the unequal distribution of tempei'aturc in part depend, 
arc themselves incessantly changing. The mountains, the mass of 
which arrests the winds, contribute to the formation of clouds, and 
attract snow and rain ; further, they are louxTod little by little by 
denudation, and their materials serve to fill up the lakes, and to 
throw long peninsulas out into the sea ; rivers change their course, 
and their volume of water increases or diminishes ; marshes are dried 
up, while others are formed in the midst of plains ; continents sink 
or rise ; here archipelagoes show themselves above the Ocean, else- 
where islands are swallowed up ; maritime currents and the winds 
are in a perpetual change. As the fossil remains of earlier faunas 
and floras attest,^ strong climatic oscillations have taken place at 
each period in the history of the earth, and cycles of heat and cold 
analogous to our annual seasons of winter and summer have succeeded 

• Hann, Zeitaehrift fur Meteorohgi^^von Carl Jelimk^ Vol. I. 1867. 
t Fritsch, ZeiUchrift fur Mfleorohgie von Jdinek^ No. 18, 1867. 

X Sao in “ The Earth " the eection entitled, The Fint Agee, 
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each other in the course of ages. Wi^out it bemg necessary to admit 
a change of axis and variation of terrestrial latitude, we may affirm 
that the present epoch, like the past, also presents in its climates a 
whole series of successive changes, and even history proves that the 
labours of mankind have a very large share in these very important 
modifications of the condition of our globe.* 

* See below the section entitled. The Work/ ofXan. 



OG 


LIFE. 
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BOOK I— THE EARTH AND ITS FLORA. 


CHAPTER I. 

THE ASSEltfBLACJE OF LIVING CHEATTTRES — NUMBER VEGETABLE BI'ECIBB — PRO- 

PORTION OP DICOTYLEDONS, MONOCOTYLKDONB, AND CRYPl OGAMS.— FOEBBTB 
AND SAVANNAHS. 

Fkom the simple liarmony of its fonns, ilie regularity of all its exter- 
nal features, the purity of the air which surrounds it, and the light 
which colours it, the surface of the planet is, as a whole, of magnifi- 
cent beauty ; but that which lends especial grace and charm to the 
earth is the infinite number of organisms which people it. It is 
these which add such a marvellous variety of aspect and such great 
animation to the cold m^ijesty which the bare face of the rocks pre- 
sents, such as wo still see here and there in desert regions destitute 
of vegetation. Light, heat, electricity, and magnetism, which give 
rise to so many changing phenomena in the life-history of the world, 
develop centres of activity in that world of vegetable and animal 
life, which the creative force of the elements engenders by a mysteri- 
ous transformation. Hundreds of millions of difibrent species, com- 
posed of innumerable particles, which are continually in a state of 
tranrition from the living animal to the earth, and from the earth to 
the living animal, germinate, grow, and die, to give place in their 
.turn to other numberless generations of organisms. Thus multitudes 
succeed to multitudes in the immense series of ages. The upper 
strata of the earth are renewed by ^11 this matter which has lived. 
The coal-Aioasures, the chalk and thre numerous other strata of lime- 
stone, which present in many places several miles of thickness, and 
thus ooDititute a very important part of the framework of our globe, 
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lire nothing else than the regains of ^>lauts and aninmls that formerly 
inhabited the land &nd the pcoan. In our days, too, new luyoi^i, 
compibsed entirely of the Temains‘of organized bodies, are constantly 
being formed, and almost the whole surface of tho land is co\ercd 
wi^ib humus or vegetable soil, formed by the destruction of life, which 
produces life in its turn. 

It is chiefly plants which aid the formation of thris nutiitious 
earth, and thus prepare, centuries beforehand, the food of genera- 
tions to come. In looking to the origin of life, we find certain un- 
decided forms termed by Cams ‘‘proto-organisms,’^ which seem to 
partake at the same time of the nature of tho animal and the plant ; 
but on devolo])ing they soon exhibit, by their structure and mode of 
life, the kingdom to w’hich they belong. It is the vegotuhle king- 
dom in particular that peoples and embellishes our earth, thanks to 
the abundance of its spocics, the richness of its forms and colours, 
and the vast dimensions of its trees, some of which, like the Sequoia 
and the rise to more than 300 feet liigh into the rej»ion 

of the clouds. But how does the planet produce the innumerable 
living bodies on its Surface, from the green conferva, wliieh germin- 
ates on ponds, to man, who, proud of his strength, bravely meets his 
destiny? This is tlie great problem which excites the attention of 
the learned, and which is not, perhaps, altogether insoluble. The 
subject has given rise to much discussion, and to many experiments 
by chemists and biologists, without at present any definite result 
being arrived at. 

Botanists have not yet had time to count the prodigious number 
of plants which surround us, from the greal oak, with spreading 
foliage, to the humble lichen spread on the ground like a stain of 
blood. Besides, if the multitude of the vegetable species have not 
yet been computed, it must also be said that they are not yet agreed 
on the definition of species, some seeing simply varieties, wdiere 
others find absolutely distinct characters. A century ago Linucous 
knew only 6000 species ; the lists have since gradually increased in 
proportion as the various regions of the earth have been more and 
more explored, and now the total number of plants contained in the 
herbaria is estimated at about 12,000 ;* the increase has thus been, 
on^an average, about a thousand each year. As to the numerous 
species which botanists have not yet classified, nor even discovered, 
we can only judge by proportion of the probable figure. It is thus 
that M, Alphonse de Candolle has been able to fix, in a general 
• Charles Martins, J>u Spttzberff au Sahara^ p 17. 

k* 
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manner, the number of 400,000 to 500,000 species (250,000 being 
phanerogams), for the whole of the terrestrial flora. Up to our 
days, therefore, hardly a quarter of our riches has been recognized 
in the great inventory of the vegetable productions of the globe. . 
And not a year passes without important-discoveries being made by 
travellers in diflerent parts of the world. Even the best known 
countries of Europe, which botanists have not ceased to explore for a 
century, present every year new species to fortunate collectors of 
plants. 

Of the number of classified species already so considerable, the 
greatest part, or about two- thirds, is composed of dicotyledonous 
phanorogains, that is to siiy, of plants with visible flowers, and spring- 
ing from the ground with at least two i)rimordial leaves: these 
are the highest spc'cies of the vegetable series. Of the third which 
remains in the whole of terrestrial vegetation, about a half consists 
of monocotyledons, that is to say, of 2 )lants which have also apparent 
flowers, but which spring up with a single seed-leaf ; such are 
palms, grasses, reeds, and sedges. Finally, the last sixth compre- 
hends the acotylcdons or cryptogams, that is to say, plants with 
flo^\ ers concealed or non-existent ; fungi, mushrooms, mosses, algoo, and 
other families of plants which g('rniinate without any primordial leaf, 
and which, in consequence of their rudimentary organization, occupy 
the lowest place among living beings. However, the proportions be- 
tween the three great classes of ^^cgetable species vary in the differ- 
ent countries of the world. The great general law recognized by 
Humboldt, and brought ftdly to light by M. Alphonse dc Candolle, 
is that the proportion of dicotyledons increases gradually from the 
poles to the equator, wliilc the monocotyledons and the cryptogams 
become relatively more numerous on nearing the poles. Thus 
warmth of climate is favourable to the dicotyledons, but cold moist- 
ure is harmful to them, and in all countries where rain is very 
abundant the proportional number of the monocotyledons is in- 
creased.* 

A question still more important to man is to know what relative 
extents arc occupied on the surface by absolutely barren spaces, her- 
baceous regions, and forests of great trees. Districts entirely desti- 
tute of plants are very few ; deserts and even changing dunes Lave 
their special floras, and even the abrupt walls of rocks are covered in 
many places with an incrustation" of lichens. Thus during the rainy 
season the Black Bocks of Pungo Audongo, in the country of Angola, 
\ * Alph. do Candolle, Otographi$ botanique raitonn^ef vol. ii., p. 476. 
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appear covered with an immense drapery of velvet, which is nothing 
else than a network of an infinite number of algoe : when the heat 
comes, these coatings are dried up and pool off, causing the grey and 
yellowish lines of the rock to reappear.* Wo may therefore consider 
the earth as practically clethed with plants throughout its extent ; 
but it is most important to know tho part of its surface which is 
shaded by trees. This is an estimation which has not yet been made, 
although it presents the highest interest, from its connection with the 
study of the variation of climates and the history of humanity. If 
we assign to all ihe forests a surface equal to that of a quarter or 
fifth part of tho land, this is only a hazardous approximation. 
Botanists have confined themselves to tracing on the north of tho 



Fig. 163.— Map showing treeless regions around the North Foie. 


* Friedrich ’W’elwitsch, Amland^ No. 16 , 1868 . 
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continents the limits which polar cold fixes for trees. This limit is 
found in Scandinavia between the 70th and 71st degree of latitude, 
which is not passed by the birch-trees ; in Siberia the larches, which 
are the hardiest trees of the country, advance as far as the 68th 
degree ; in North America the firs grow A the banks of the Copper- 
mine River up to the latitudes of 68 and 69 degrees, and in Labrador 
up to that of 58 degrees To t^e south of this frontier of arborescent 
species no country is absolutely deprived of trees, and even the 
southern extremities of the continent which advance in the direct^ion 
of the Antarctic pole have extensive forests 

Certain wooded surfaces of uninhabited countries have no less than 
seveidl hundred thousand square miles in a single stretch. Formerly, 
too, the greater part of the regions inhabited by civilised men bore 
vast forests, which the axe and fire have since greatly thinned. Gaul 
was covered with trees from the Ocean to the Mediterranean, and 



Fig 164 of Trantylvuiia. 


the cultivated lands were simply clearings like thotfe of the American 
pioneers in the solitudes of Michigan. The Yosges, a chain of French 
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mountains which is still wooded along the greater part of its extent, 
was a Black Forest ” like the corresponding system which rises on 
the other side of the valley of the Rhine. Tn Germany tlio groat 
Hercynian forest had, according to the testimony of Roman writers, 
a length of sixty days^ mafth, and now there remain only fragments 
scattered over the sides of the mountains. Scandinavia, Transyl- 
vania, Poland, and Russia still present very vast wooded tracts, esti- 
mated in some districts at nine-tenths of the surface, the towns and 
villages occupying mere “ clearings.” But there too the work of 
clearing is accomplished with great rapidity. History and personal 
examination teach us also that in consequence of the diversity of the 
combined influences of heat and moisture, the contrast between tho 
Steppes of grass and the great forests was formerly as great as it 
is now in Louisiana between the savannahs and “ cypress groves,*' 
and in the plains of the Amazonas between tho lUmon and selvas, 
Tho vast sea of grass succeeded without transition to the immense 
forests ; the flowery surface of the ** Tchornosjoiii ” * extended over 
half Russia, while the other half was a boundless forest intersected 
only by lakes and rivers. Now-a-duys tho labour of tho agriculturist 
consists especially in mixing the species of plants, and alternating, 
often in an ungraceful manner, woods, fields, and mcadows.f 


♦ See in** The Earth'* tho section entitled, P/aine. 
t See below the section entitled, The Work of Man, 
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CHAPTER II. 

INFLUENCE OF TEMPER AT IIBE, MOISTURE, AND SOLAU RAYS ON VEGETATION. — 
DISTRIBUTION OF PLANTS. 

Each plant has its special domain determined not only by the nature 
of the soil, but also by the various conditions of climate, temperature, 
light, moisture, the direction and force of winds, and of oceanic cur- 
rents. During the course of ages the extent of this domain changes 
incessantly, according to the modificat 14)118 which are produced in 
the world of air, and the limits of the region inhabited by the 
various species arc dovetailed into one another in the most com- 
plicated manner. The flora indicates the climate ; but whnt is the 
climate itself in the apparently confused mixture of phenomena which 
compose it? The preponderating influence is naturally that of 
temperature, nevertheless we must not think, as most botanists did 
till very recently, that the limits of the zone of vegetation of each 
plant are marked on the continents by the sinuosities of the isothermal 
lines. In fact, as Charles Martins* and Alphonse de Candolle f 
remark, each plant requires for its germination and development a 
certain amount of temperature, diflering according to the species. 
With some, life resumes its activity after the sleep of winter, when 
the thermometer marks three or five degrees above the freezing- 
point; others need a heat of 18, 20, or even 25 and 35 degrees be- 
fore taking the first step in their career of the year. Each species 
has, so to say, its particular thermometer, the zero of which corre- 
sponds to the degree of temperature when the vegetating force 
awakens its germs. It is therefore impossible to indicate by general 
climatal lines the limits of habitation for such or such species, since 
each one of them has for tho commencoiuent of its vital period a 
Afferent starting-point. ^ 

In order to know the heat noefessary for plants it would be needful, 
not to seek for the average result of the alternations of h^t and cold 
during the various seasons, but to estimate the number of hours 
* Voyage an Seandinavie^ p. 89, f Geographie hotanique raieomde^ p. 36. 
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during which the temperature is maintained above the degree ^hich 
is for each plant the initial point of its development. It is true that 
in this estimation the relative number of hours of the day and night 
are not taken into account, each of which must certainly influence 
vegetation in a different manner ; but such as it is, this calculation 
is still the truest that it is possible to establish, especially for the 
annual species which exist only in germs^ during the winter, and 
which have not, like trees and perennials, to protect their trunks and 
branches against the seventy of the cold. Thus the climates of 
London and Odessa, which resemble one another so little in* thoir 
summers, w inters, and extremes of temperature, aro nevertheless the 
same for vegetable species, whoso development commences at 7 or 9 
degrees above zero, and which require the same siinl-total of boat to 
anive at maturity. Even cUmates so distinct as those ( f Edinburgh 
and Moscow, Stockholm and Konigsberg, London and Genova, must 
produce the same effects on plants which, starting at a certain degroo 
of the thermometer, require the same quantity of lieat in a longer or 
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Fig. 166 —Map to ahow the distribution northwards of Aqmlegta vulgaris and Campanula srtnus. 

shorter space of time. It results from this, that the areas of habit- 
ation of the species have the most various outlines. While on the 
side of the North Pole the limits of the common columbine (Aquikgta 
vulgaris) and the Campanula erinua approach very nearly the course of 
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tho Isothermal linos of Europe, the frontiers of other zones of plants 
traverse the continent in all directions, so that it is as impossible to 
find the least appearance of parallelism in them as in the lines of 
equal temperature. We may quote as examples, the curves described 
by the polar limits of certain well-known trees and shrubs, the holly, 
the C/itimarojjs hnunliby the beech, ash, and jasmine. Among the 
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plants of Europe there are even some whose limits indicate an 
absolute antagonism between the dimatal conditions which are ne- 
cessary to them. Thus the Dahmm pohjoha^ a delicate jdant which 
fears the cold winters and hot summers, only quits the Azores 
with tlicir moist and equable climate, to venture on the Atlantic 
coasts of Portugal, Spain, France, and Ireland, where rains are 
abundant and the cold is tempered. The dwarf almond, on the 
contrary, spreads itself fearlessly from the banks of the Danube to the 
foot of the Ural mountains across the Ilussiun steppes, where dry and 
very cold winters succeed to excessive heat. 

According to the method of observing temperatures first indicated 
by Reaumur and subsequently supported by Boussingault, Gasparin, 
and particularly by Alphonse de Candolle, we are enabled to explain 
the sinuosities which the limits of vegetable areas present. This 





AMOUNT OF HEAT NEEDED BY PLANTS. 


105 



A.k.1 nuts futhir y'//nh(prift poh/hUa, • • Ltne^ Msotharmal alA 
BB It M f invf^ Lalus nMiOt 

Fib; 167 —Polar limits of Babaecui polifolta and of Amygdalua nano* 


method, based upon observation, consists in computing the “ amount 
of heat necessary to the complete development of each plant ; that 
is to say, in calculating daily the df*grces of average heat which ex- 
ceed the temporature at which the plant has commenced its life for 
the year, and letkoning up the sum-total of those daily heats. Cer- 
tain plants belonging to the fiigid zone, which can germinate and 
expand their leaves and lipen their fruits in a few days of polar 
summer, arc satisfied with a sum of 90 degrees. Barley, which of 
all the cereals advances furthest m the direction of the pole, enters 
its period of growth when the temperature has exceeded at least 9 or 
.10 degrees, and in order to arrive at maturity, demands a sum of 
1,800 degrees, whatever may be the average of the seasons it passes 
through. According to Seynes, wlieat commences vegetation at 12 
degrees above zero, and receives about 3,600 degrees till the time of 
harvest, which varies according to the climates. The maize, a more 
southerly plant, requires a sum of 4,500 degrees, and its starting- 
point is at the 55th. degree of the thermometer; while the vine de- 
mands 4,850 degrees, commencing with the 50th degree of the scale. 
Finally, Alphonse de Candolle considers that the date-troo needs a 
total heat of about 9,200 degrees before it can ripen its fruit.* The 
• Qiographxt botantque » auonneet p 396. 
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greater part of the plants of the temperate zone can support cold of 28®, 
29®, or even 36®, without their vital force being destroyed, but none 
can germinate or grow at temperatures below the freezing-point. 
In the mountains Saxifrages and Soldanellaa flourish even under the 
snow, but the water which supplies their roots and the air which sur- 
•rounds their stems have a temperature above freezing-point. The 
researches of Alphonse de Candelle show that the growth of vegetable 
species commences on an average at 41 degrees in the regions of 
western Europe. §till we cannot say that in the starting- point of the 
growth of each plant we have an absolutely fixed limit, like the de- 
gree of temperature at which metals begin to melt; it is probable 
that, according to their vigour and their various surrounding con- 
ditions, certain individuals are quick and others slow to spring 
forth, llcsides, under climates always spring-like, as that of Madeira, 
plants only commence their annual development after having repose^l 
during a certain period, in order to have time to renew their tissues. 
Thus the vines of IMadcira only begin to vegefate towards the end of 
March, when the temperature is already 01*1 degrees centigrade; 
though during all the winter the average heat, which does not 
descend below G3*o”, would have been more than sufficient to develop 
the vine and cause its fruit to ripen. In the same way on the pla- 
teaux of tropical countries, where a perpetual spring is enjoyed, the 
plants repose during the winter period ; they preserve their leaves, 
but they do not produce new ones ; they develop flowTrs and fruit, 
but only those of which the buds have already germinated during 
the summer.* 

The relative dryness or moisture of the various countries is also 
among the principal causes of the limitation of the areas of species : 
a too rainy atmosphere drowns the plant ; the w^ant of aerial 
vapours burns it up. Thus many plants do not penetrate into the 
dried-up Steppes of Russia, whore the temperature would other- 
wise be favourable to them ; others cannot bo acclimatized to the 
west of Great Britain, where the annual quantity of rain is 
enormous. The species which are developed in these moist countries 
have a charming freshness: the aspect of the trees and meadows 
shows that they are incessantly watered by rain. In tropical 
countries, where the annual heat is always sufficient to cause the 
plants to arrive at maturity, it is tl^e influence of moisture which 
preponderates. The limits of the zone of rains are also the limits of 
the zone of vegetation. 


* Karsten. 
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Light, as well as heat, is one of the most important conditions of 
vegetable life. Alphonse de Candolle has ascertained by direct ex- 
periments that of two plants sown on the same day, that which is 
exposed to the solar rays is contented with a smaller amount of heat 
to develop and ripen. It is thus to the greater intensity of light 
that a number of mountain species owe the rapidity of their growth, 
their brilliancy, and the relatively large size of llieir flowers. On 
all the mountain-tops of the south of Europe the Alpine plants, in 
order to grow and come to maturity, are satisfied with a much less 
amount of heat than the species inhabiting the plains situated at a 
groat distance to the north.* 

Another fact, much less studied, but perhaps not less important 
than that of heat, contributes to the unequal distribution of plants ; 
this is llio chemical power of the solar rays. It would bo quite 
natural to think that this power increased from the temperate to the 
tropical zone proportionally to the forco of the sun ; however, judg- 
ing from several photographers who were not able to obtain their 
proofs so easily under the dazzling sunlight of South America as in 
the changeable climate of England, it was till quite recently doubted 
whether the chemical power of these rays increased in the direction 
of the equator. At length Mr. Thorpe has removed these doubts by 
observationb made at l*ara on one of the arms of the river Amazon. 
The averages of chemical intensity are from 7 to 34 times greater 
at Para than at the Kew observatory ; but while in England this 
intensity slowly increases and diminishes each day without abrupt 
transitions, under the tropics it changes in the most sudden manner 
in the rainy season. When the showers accompanied by electrical 
discharges fall all at once from the sky, the chemical intensity ceases 
completely, and then acts again with great force as soon as the storm 
has spent itself. t 

Under temperate climates abrupt variations of chemical light are 
less frequent than in tropical countries ; but nevertheless they are 
much stronger than the variations of heat. In fact, from the month 
of December to the month of June differences from 1 to 20 have 
been ascertained in England and Germany in the activity of the 
luipinous ra3’8. This is because the influence of those rays docs not 
only depend on the position of the sun in the heavens, it increases 
or diminishes according to the innumerable changes which are 
efibeted in the atmospheric ocean. Thus the whitish clouds which 

• A, de Candolle, Oiographte hotamqm rffwowweV, p. 310, and following, 
t Robcoe, Lecture at the Royal IneUtution, 
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veil the sky like light draperies give a greater chemical force to 
light, and the effects make themselves immediately felt upon nature ; 
but if the clouds thicken, and interpose themselves in black masses 
between the sun and the earth, then the action of the luminous rays 
immediately decreases, and a sudden ebb succeeds to the fulHide of 
vital force which was distributed from the sky/ 

With the perturbations in climate which produce the incessant 
alteration* of clouds, fogs, and invisible vapours, we must include the 
changes caused by tlie myriads of grains of dust and floating germs, 
and by all the emanations of carbonic acid, hydrogen, and ammonia, 
which escape from the earth, and disturb the purity of the air. It 
is thus very difficult, in the present state of stdonc'', to indicate ap- 
proximate! 3", even for the best- known countries of western Euroj)©, 
the relative value of the chemical action exercised on an average 
during the year by solar rays. It would bo still more difficult to 
trace on the circumference of the globe isochemical lines analogous 
to the isothermal lines. This is a conquest '•of scienec reserved for 
future observers. Nevertheless, the researches of“ Messrs. Bunsen, 
Roscoo, and other savants, have already proved that the power 
[Vnctuntt') of the solar rays is suhjeet to greater modifications than 
the heat ; the liii(*s of equal chemical climate must consequently 
much exceed the lines of e(pml temperature in their curves and 
abrupt windings. If there are no chemical winds like moist and 
warm winds, it is preciselj^ these latter which incessantly modify 
those changing mosses of vapour in the atmosphere which alternately 
diminish, and increase, the force of the sun’s rays. 

Thus the extraordinary difference between the floras of tv^ neigh- 
bouring countries the temperature of which is visibly the same, may 
perhaps be explained by the enormous influence which the state of 
the sky exercises. Thus flowering shrubs do not grow in the Faroe 
Islands, and we only see brushwood and meagre bushes there, although 
the temperature is only one degree below that of Carlisle, in England, 
where we have fine fo cst vegetation. In fact, if the heat is the same, 
the light is very dilleront. The sun’s rays which penetrate the mists 
of England are in groat part absorbed by the thick fogs of the Faroe 
Islands, which the ancient navigator Pytheas believed to be a sort of 
‘‘ marine lungs,” where air, water, and mud were confusedly mingled. 
Perhaps, too, it is to a greater chemical and luminous force developed 
during the long days that we 8hould>attribut<e the singular rapidity 
with which the plants of the north shake off their winter sleep at the 

* Aod. Radau, Revue dee Deux Mondeu^ 1st Nov., 1866. 
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time of the sudden invasion of spring. In a few days all llio trees 
are covered with buds and leaves, while months elapse in more 
southerly latitudes between the budding forth of the different species. 
Not only do i;he plants indigenous to the north, but those also wldcli 
are acclimatized in these regions, open their buds much sooner than 
might bo expected according to the habits of those plants in southern 
countries. At St. Petersburg, under the 60th degree of north latitude, 
it has been ascertained that the budding of the bircli-treej the first 
signs of spring-tide life, precedes that of the lime-tree by five days, 
and the flowering of the common Akhcnidh by only 18 days, while 
at Breslau, situated 8 degrees further to the south, tlio intervals are 
respective!}’’ 15 and 51 days.* “ The further wo advance to the north,” 
says Alphonse dc Candolle, the more does light replace warmth in 
utility,” 

Thus we see the questions relating to the natural areas of plants 
are most complicated, and that it is not without very long and patient 
study that botanists are able to determine precisely what are the 
natural history and distribution of each plant, and what arc the mani- 
fold causes which arrest its extension beyond certain limits. Not only 
must we take into account the alterations of temperature, light, and of 
the chemical power of the solar rays, but it is necessary also to estimate 
the efiect of all meteoric phenomena, to appreciate the influence of 
dryness and moisture, of long rains and passing showers, of exposure, 
of different altitudes and of inequalities of the ground. Besides all 
these conditions of the cTimatal circumstances, it is necessary also to 
know what is the vitality belonging to the plant itself, what its power 
of distrjJ)ution over the earth, and the strength of its resistance to 
the destructive agents which surround it. It is also important to 
know the former distribution of continents and seas in geological 
times, so as to learn what obstacles, such as arms of the sea or chains 
of mountains, may have arrested the distribution of certain plants 
over more extended areas. Each plant has its separate history, its 
peculiar characters and geographical distribution, and thus it is to 
the extreme diversity of the conditions of existence that we owe the 
wonderful variety which is presented by the grouping of species on 
the surface of the globe. 

• Auton von Etzol, dk Oil p. 239. 
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CIIArTER III. 

PARTlCULAtt HABITATS OF SPECIES. — SALT-WATER AND PRESH-WATER PLANTS. — 
LITTORAL SPECIES.— PARASITES. — TERRESTRIAL SPECIES. — INFLUENCE OP THE 
BOIL ON VEOETATION. — PLANTS ASSOCIATED lOOKTHER. — SEA-WEED. — EXTENT 
OF AREAS. 

Most plants occupy but a small portion of the space circumscribed 
by the general limits which climate has traced for their habitation. 
This is because, according to their nature, certain special physical 
conditions are also necessary to them, without Avhich germination 
and growth are impossible. Thus, to cite the most striking example, 
the aquatic vegetation is composed of speeiivs (juitc different from 
those which grow on dry land. Excepting in the undecided zone 
alternately covered and laid bare again by the waters, and where 
plants called amphibious are developed, the two floras are absolutely 
distinct. If it be true, as certain botanists think, that some kinds of 
marine algce produce terrestrial plants of the mushroom tribe, the 
germinative power would in this case only exereise its force to trans- 
form completely the structure end appearance of tlie plant. 

The contrast of the floras is scarcely less absolute between fresh 
and salt water than between the seas and the continents. The 
Ocean has its special plants, some floating fretdy over the waves like 
the sargasso, or “ grapes of the tropics,” others clinging to the rocks 
and ledges of the shore. The rivers, lakes, and ponds of fresh water 
have also their particular species, potamogetons, sw^aying like long 
hair at the will of the current, water-lilies spreading their broad 
leaves of an emerald green over the transparent water, innumerable 
confer vao, forming a continuous layer of vegetable matter on the sur- 
face of the pond, resembling from afar the surface of a meadow. 
The plants which flourish equally in fresh and in salt water are very 
few, and usually are only met with in the estuaries of rivers where 
the tide ascends, and where the mingling of the waters takes place. 
Am to the turbaries, they are entirelj^ composed of a particular set of 
plants which press against each other, and contain water in their 
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intersiices as in an immense sponge.* The vegetation of the shores 
themselves presents one of the most striking contrasts according us 
they surround fresh waters or seas saturate with saline substances. 
Thus the deposits of the Ocean, the sand or clay of which is strongly 
charged with sca-salt, produce in abundance sassify, samphire, thrift, 
and other plnnta- generally of a somewhat dull appearance, which 
give a special physiognomy to the shores. In the interior of conti- 
nents a similar flora is only found around salt lakes and in districti| 
where springs of salt water rise from tlie earth ; it is indeed the sight 
of these plants which has often urged miners to pierce the soil so as 
to discover there banks of rock-salt hidden in the depths of the 
ground. Other kinds of plants scorn to require not the sea-salt, but 
the vapours which escape from it. Such is the case with one of the 
most cliarming heaths, Erivn sylmtirnf which grows in the low 
plains around the Gulf of Finland, the Baltic Sea, the North Sea, the 
Channel, the Buy of Biscay, and wdiich is found also on the coasts 
of Spain and Portugal, without ever having been met with at more 
than 150 miles from the shore. 

The atmosphere possesses its special vegetation as well as the 
waters. Certain jdants demand from the earth simidy a support, and 
draw from the air all the nourishment they require. Multitudes of 
other species never grow on the bare earth, but fix themselves on* the 
hidden roots, stems, or branches of other plants which servo as a 
nourishing soil to them. Lianas of all sorts, orchids, passion-flowers, 
bignonias, euphorbias, ajiocyneas, ferns, mosses ’and lichcna, group 
themselves thus into aerial forests, and, mixing with the foliage of 
the trees which bear them, adorn them variously with garlands, bou- 
quets, tufts of verdure or flowers. Upon these parasites other para- 
sites live, and in certain tropical forests, where each tree is a whole 
world of plants, the foliage of the interlacing vegetations presents 
such a confusion of forms that the eye of a most experienced botanist 
alone is capable of distinguishing them. 

Finally, even the interior of the soil has its particular flora, com- 
posed of truffles and other cryptogams, which only receive the influ- 
ence of the atmosphere through the fissures of the earth. Grottoes, 
too, to the very end of their labyrinths, have plants which shun the 
light, and in the forests certain species of vegetables, almost always 
w'hite or pale-coloured, hide themselves in the shadow, at the foot of 
the great trees, and raise their delicate stems above the carpet of 
moss and dry leaves. 

♦ See in The Earth the section entitled, Lahet and Marehee. 
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Among the much more numerous plants which bury their root&ill 
the ground, and wave their leaves in the open air^ there are som^ 
which prefer a sandy soil ; others grow best in a limestone coxintiy^ 
others again on gravel, stiff clay, or in the fissures of granite. Some 
botanists have even attempted to class plants according to the chemi- 
cal composition of the soil they affect. It is certain^tbat many kinds, 
even without counting those which grow on salt lands, are met with 
exclusively on their favourite soil. The chesnut, the purple fox- 
glove, and the common broom delight in a siliceous soil ; the Carex 
aremruif and other ordinary plants of dunes, and, under tropical 
climates, the cinnamon- free, require almost pure sand ; limestones 
have also their species, which do not thrive elsewhere. Nevertheless, 
it does not seem to bo so much on account ol the substances which 
they contain, but rather because of their physical properties, such as 
hardncQ", density, and porosity, that these different soils nourish par- 
ticular species of plants. If the composition of the rock remain the 
same, but become at the same time more disiirfegrated, allowing the 
outer air and moisture to penetrate more readily, the vegetation will 
instantly change, and we shall sec species appe.'ir on the chalk or 
clay that we might only expect to find on sand. Thus when the 
botanist leaves a country where, in (‘onsequente of the resemblance 
of the physical conditions of the soil, the same rocks are always 
covered with the same vegetable carpet, be perceives v\itli astonish- 
ment that species forsake the soil, which he believed to be necessaiy 
to them* Of 43 plants, which Wahlenbcrg had only observed on the 
chalk in the Carpathian mountains, he found 22 on the crystalline 
rocks of Switzerland and Lapland. Similarly, of C7 species, which 
in Switzerland exclusively grow on calcareous ground, 36 are found 
in the surrounding countries on soils, the chemical composition* 
of which is quite different, and one might believe that further re- 
searches would result in reducing still more the number of plants, 
which are absolutely peculiar tjo one kind of soil.* Besides, as M. 
Theodore de Saussure has proved, the tissue of many plants seizes hold 
indifferently of the most abundant and most soluble substance which 
is found round the roots : the ashes of the Norwegian fir are not of 
the same composition as those of the fir-tree of the Jura. 

Not only do species of plants know how to choose the soil that best 
aids their growth, but tldtjrako seem to exercise a kind of discrimina- 
tion in their associations with other .j^nts, either it is that they de- 
mand exactly the same physical conditions of soil, or else that they 
* Alph. de Candolle, Ch. Martins. 
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seek a shelter. Without speaking of the parasites which have no 
independent life, a number of “ social ** species are always near to- 
gether, and by the harmony of their grouping impart some sweetness 
and friendliness to nature. Thus the approach to a forest is announced 
to the traveller by little plants and shrubs wliich do not grow in the 
open country ; the gay colours of blue coni- flowers and poppies aro 
always mingled, at least in western Europe, with the light ears of 
corn ; herbs tliat agriculturists qualify as “ weeds associate them- 
selves invariably with the crops in our fields ; plantains and poten- 
tillas grow together on the road-side and, so to say, under the vei y feet 
of men ; the chSllets of the Alps and Pyrenees are surrounded with 
nettles and docks wliich rise in tufts above the short grass of the pas- 
tures. Finally, the grassy steppes, American prairies, savannahs, or 
pampas arc nothing else than immense colonies of social jflants. By 
contrast, the deserts with their burning soil often present over vast 
areas only the meagre verdure of a single species of plant, llius the 
clay of the plateau of Utah only allows tho roots of an ArfemUia 
to penetrate into its fissures, and over a great part of their surface 
the deserts of New Mexico and Arizona have us their solo vegetation 
only the gloomy and fantastic candelabra of the giant-taper,* 

The Ocean, like the earth, has its monotonous tracts of plants ; there 
arc whole fields of sargasso {Fttens natans)^ wliich are found in tho 
centre of several maritime basins, and notably in the immense trian- 
gular space comprised between the Antilles, tho Gulf-stream, tho 
group of the Azores, and the archipelago of Capo Verde. Columbus 
crossed these parts filled with marine plants, and for his companions 
it was not tho least among their terrors to see those long runners 
which retarded the progress of the ship, and made the unfathoinablo 
sea appear like an immense marsh. Interlaced in floating islands 
and islets which follow each other in interminable processions these 
plants change the surface of the ocean in certain places to a kind of 
meadow of a greenish-yellow or rust-colour, the weaves raise these 
masses in long undulations and surround them with borders of foam ; 
fish sport by hundreds under this vegetation which shelters them from 
the sun ; myriads of little ajfciraals, crabs, shrimps, serpuloe and shells 
run, climb, and incrust themselves on the interlacing stems of these 
migratory forests, and traverse with them tho extent of the seas. 

It was formerly believed that this floating weed of the Atlantic had 
been detached by the breakers from tho shores of the Antilles and 
Florida^ and then carried hundreds of leagues from land by the Gulf- 
• Soe in Th$ Earth the seetion entitlcil, Pfaint, 
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stream ; all these masses borne along the course of the waters would 
be at last united as in the centre of an eddy in the space surrounded 
by the waters of the groat circular tourbillon of the J'Torth Atlantic* 
This notion was not correct, the fuci of the Ocean originate and are 
developed on the surface of the waters. Neither roots nor the least 
indications of bulbs can ever be discover^ in them which could have 
clung to the earth and which the waves might have torn away. Each 
stem is abruptly terminated at its lower extremity by a kind of cica- 
trice, and is evidently only a detached branch of another plant ; 
vesicles full of air, which have given this fucus the name of the 
“ tropical grape, servo as floats to sustain it on the water, while 
hundreds of foliaccous membranes rise vertically above every islet of 
the weed, so as to absorb the quantity of air which those organisms 
reqiure in order to grow and propagate themselves. 

It is true that all these meadows of seaweed circulate under the 
influence of the winds in the eddy formed by the Gulf-stream and the 
equatorial current ; but instead of having bfen brought by these 
marine rivers, they are, on the contrary, arrested by them, and 
accumulate in rows along their inner shores. Only a small number 
of plants penetrate into the sea of the Antilles and Gulf of Mexico 
by channels between the islands. The sea of weed properly so called 
of the North Atlantic is comprised between the IGth and 38th 
degree of north latitude, and extends from east to west, from the 45th 
to the 75th degree of longitude. In this immense space the weed 
constitutes two separate masses, as if a branch of the equatorial 
current bent towards the north, and thrust back to the right and 
left the meadows of sea- weed. We can venture to estimate the sur- 
face of this sea of weed at more than four thousand* square miles ; in 
the other oceans, the North and South Pacific, and South Atlantic, it 
covers enormous surfaces. If ever the agriculturists of Europe and 
America put into execution the idea of M. Leps, who proposes to load 
ships with this weed, they would be able to provide themselves amply 
with this manure for the improvement of their crops.* 

It appears, from the numerous comparative studies of Alphonse de 
Candolle, that the general form of the arm occupied by each plant is 
that of an ellipse a little elongated from east to'west under the tem- 
perate, and from north to south under the tropical, latitudes. This 
natural arrangement is easily understood, for in the various zones the 
greatest diameter of the ellipse ought to indicate the direction in 

♦ Leps, Annalet hydroffraphiguet, 1867, fourth term ; HuUHin de lapoeiiti de Qeoyraphie^ 
Sopt. 1866, LaTorri^re, 
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which the climate presents most equality over a more considerable 
extent. It is a remarkable fact that the area occupied by the species 
is the more extensive the simpler their organization is, and that they 
likewise seem to possess a greater antiquity. Thus the cryptogams, 
which are the least developed plants, occupy the largest surface. In 
the same way marine speqics have an average area more extensive 
than that of the terrestrial species ; herbaceous plants occupy a more 
considerable area than tree^ ; and finally, the annual phanerogams 
have a country of larger dimensions than the perennial and woody 
phanerogams. ‘‘ The area of plants is in inverse proportion to the 
complication of their structure.'* It is also very remarkable that from 
logical causes, probably anterior to the present state of tlie globe, the 
average area of species diminishei^ftgradually from the Arctic l*ole in 
a southerly direction. 

No kind of flowering plant, not even the nattlo and purslane, the 
most faithful of the companions of man, inhabit the entire 'earth. 
Only eighteen species *are reckoned which show themselves at the 
same time on half the terrestrial surface, and the total number of 
known plants, which each occujiy a third of the globe, is only esti- 
mated at a hundred and seventeen. On the other hand, there are 
plants which botanists have never discovered except in a single 
ravine or on an isolated promontory. The many islands scattered 
in the Ocean, St. Helena, Tristan d'Acunha, Juan Fernandez, Madeira, 
and the Galapagos possess the greater part of these solitary plants, 
not to be found elsewhere. But there are also parts of the continont 
where the species have their whold domain, a district of a few leagues 
or acres, which maybe regarded as a sort of continental island. As 
to the general superficial extent of the areas, it would be, according 
to Alphonse de Oandolle, about the hundred and fiftieth part of the 
earth's surface, that is to say, nearly 180,000 square miles. 
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CHAPTEE IV. 

OONTEABT OF THE FLORAS IN THE DIFFERENT PARTS OP THE WORLD.— INSULAE 
AND CONTINENTAL FLORAS — INCREASING RTCHNEbB OF VEGETATION IN IHE 
DIRECTION FROM THE POLES TO THE EQUATOR 

Considered as a whole the continents themselves, like the more re- 
stricted areas, present remarkable con trusts between their floras. 
Thus taking their disproportions as to extent into account, the New 
World appears to be much richer in species than the C)ld. This fact 
is explained b}' the general disjio&ition of the two Americas, and its 
chains of mountains almost all running in the direction from north 
to south. In consequence of the position of the Andos and the Cor- 
dilleras, the mountains of Brazil, the Alleghunies, the Rocky Moun- 
tains, the Sierra Nevada, and the Coast Range of California, it is 
found that under each latitude the most various climates succeed 
each other on the opposite slo^xis, and in consi'qucncc diflerent species 
are developed in each of these distinct climates. In the Old World 
it is not thus, for most of the mountain-chains, the Pyrenees, tho 
Alps, tho Balkans, the Caucasus, Mont Taurus, the Himalayas, the 
Karakorum, the Kuenlun, stretch in a direction from west to east, 
and consequently the climates and floras are not modified in the same 
direction, but by very gradual transitions. On the other hand, Africa, 
notwithstanding the situation of the greatest part of its mass under 
the torrid zone, is relatively less rich than the other continents in 
species of plants. This is explained by the general uniformly of the 
country, the few high chains of mountains, and tho very slight 
moisture of its winds. But the southern extremity of Africa, the 
English colony of the Capo) is exceedingly rich in plants. 

Another contrast has been pointed out by several botanists, that of 
the relative poverty of the insular, compared lo the continental floras. 
But this question is disputed, and the want of suflBcient observations 
does not allow us yet to decide it. Nevertheless, it is certain that the 
large islands, such as Great Britain, Si^ly, Cuba, and Ceylon, have 
types of vegetation entirely analogous to those of the neighbouring 
continents ; and similarly the Faroe islands and Spitzbergen have as 
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many species in proportion as the larger countries lying at an equal 
distance from the pole. The archipelago of Cape Verde, the Canaries, 
Madeira, and the Azores have, on the contrary, from throe to five 
hundred species less than are found on the same continental extent. 
Mauritius and Reunion have also a relatively small number of in- 
digenous plants ; and it is quite natural to think, with M. de Candolle, 
that the poverty of those islands proceeds in great part from their 
long isolation in the open sea. 

The principal fact in the distribution of plants over the surface of 
the globe is the increasing richness of the floras in the direction 
from the poles to the equator. Thus the island of Spitzbergen, the 
best explored of the countries of the frigid zone, has only 90 species, 
while on an equal surface Silesia has 1300, Switzerland 2400, and 
Sicily, much less in extent, possesses 2600.* It is true that in many 
countries of the tropical zone exceptions have been ascertained to 
this law of ^he augmentation of species towards the equator, but all 
these exceptions muy bo easily explained by soil and local climates. 
The Sahara has certainly a flora much less rich in proportion than 
that of southern Europe; but then what a diflerence there is be- 
tween thc'se two regions in regard to the physical configuration of 
the surface ! If Egypt has only a thousand plants, while Great 
Britain, situated much more to the north, presents on an equal ex- 
tent 1480, it is becuuse the valley of the Nile is only a narrow 
alluvial land, bounded on one side by sand and on the other by rocks 
destitute of moisture. Without being deceived by the relative 
poverty of the EgyjDtian vegetation, even the Greeks asserted that 
the number of plants increased more and more towards the south ; 
they even added this fanciful detail, that in the burning countries of 
the south the ground sank under the enormous weight of the trees 
that it supported. t 

Unger has proposed to divide the surface of the earth into difler- 
ent zones of vegetation, succeeding each other sjTnmetrically from 
the two poles to the equator. The northern polar zone, to which a 
still unknown southern pole corresponds, comprehends the icy archi- 
pelago of America, Greenland, Spitzbergen, and northern Siberia. 
Forests are entirely Wanting there; thus, as Linnseus says, the 
lichens, “ the lowest of the vegetables, cover the last land.” To the 
south of this extends the Arctic zone, where the first trees and the 
first crops show themselves. Next comes the sub-arctic zone of 

* Alph. de Candolle, Qiographit botaniqua raiaonnict p- 1287. 
t Carl Ritter, OawhiohU dar Erdkunda. 
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Britisli North America, Iceland, and northern Rusbia, characterized 
by peat-bogs, toundras, and forests of pines, fir, larch, and birch trees. 
The cold temperate zone, the southern limit of which is found near 
the 45th degree of latitude, also presents regions of peat-mosd 
and forests, but it is also the especial country for meadows, and its 
woods are composed of the most varied species. In the warm tem- 
perate zone the meadows become rarer, while the aiborescont species 
gain still more in splendour and brilliancy. The palm trees and 
bananas make their appearence in the sub-tropical zone ; but it is in 
the tropics and at the equator that vegetation is developed in all its 
marvellous richness. To the south of the equinoctial line the floras 
succeed each other in inverse order to the Antarctic pole. But, as 
wo can understand, those divisions are for the most part arbitrary, 
and in nature the transitions are cflected from zone to zone in a 
generally imperceptible manner. It is a remarkable fact that one of 
the most cleai ly-defincd zones is exactly cut in two by a vast mari- 
time basin. This is the ^egc^able zone^»hich surrounds the Modi- 
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terranean from the Gulf of Lyons to the delta of the Nile. The 
Mediterranean flora is thus a ailiTow circular band developed over 
a linear extent of more than 5000 miles. 

Owing to the diversities of the carth^s surface, the diflerences 
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of tomperature and climate, owing also to those secular displacements 
of continents which result in an equal displacing of floras, all 
countries are distinguished one from the other by a characteristic 
vegetation. Scandinavia has its forests of coniferous trees, England 
has its oaks and its meadows, the north of Germany has its lime- 
trees, Kussia its birch- trees, France its elms and beeches. AVe i‘an- 
not think of oven the Vosges or the Black Forest without recollect- 
ing those long slopes covered with firs ; and when wo dream of the 
Alps, wo always see them in our memory with their clumps, of wal- 
nut or chesnut trees, their forests of larches, their rhododendrons 
and their gentians. In the same way we cannot imagine the 
beautiful country of Italy without olive-trees, cy2)roH808, and mari- 
time pines. Tlie terrible monotony of the Sahara is relieved by 
fresh oases of date-trees, and towards the southern extremity of the 
continent, at the Capo of Good Hope, tlio harsh contours of the hills 
and mountains are enlivened by their carpet of heaths and many- 
coloured flowers. The TTnited States have their trees with mar- 
vellous autumn tints, where all shades arc found at the same time, 
from the most dazzling purple to the darkest green. The contrast 
is great between those forests with varied colours and the uniform 
extent of the prairies on the west, or tho deserts of New Mexico 
scattered over with Cactuses. In South America the forests of Arau- 
carias of the mountains of Chili and the Brazilian plateau, do not 
present a less striking contrast with the pampas and their vegeta- 
tion, so rich in leguminous plants. At tho other extremity of the 
world the Australian flora contrasts with that of the whole world by 
the antique appearance of its eucalyptus and its Camorinacemf dating, 
perhaps, from the Jurassic epoch. The species of New Zealand are dis- 
tinguished also by their general facies from that of all the continents. 
Nowhere else do we see so groat a proportion of trees and shrubs 
compared with annual plants ; nowhere do the Cryptogams present 
such a variety of forms. Meadows are wanting, but the ferns grow 
in immense forestid, as at the epoch of the Coal formation. The suc- 
cession of terrestrial ages which the geologists seek in the fossil- 
iferous strata, and which they estimate at millions of centuries, the 
botanists may see in summary at the present epoch by traversing 
the surface of the globe. The floras of tho past periods, stored in 
the strata of western Europe as in an immense charnel-house, still 
live, more or less modified, in various parts of the globe. 

Virgin forests, where man has scarce ever penetrated, save to make 
a few paths; are among the grandest spcctacles^of nature. Those of 
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cold countries, composed for tlie most part of Coniferoe with straight 
trunks and dark foliage, have something solemn and august in their 
appearance. The mighty shafts of the trees are planted regularly 
like the pillars of an immense edifice, and in the distance appear in 
mj^sterious avenues. The branches, widely spread and laden wdth 
grejn^jh moss and lichens, only allow a diffused light to pass through 
their boughs, spreading as they do symmetrically under the vault of 
thick verdure. A few knotted roots licro and there peep from the 
ground, which is covered with fallen leaves and sow n with modest 
plants, some clustering at the fool of the trunks, others grouped in 
masses in the open spaces. Nothing from without penetrates into 
this retired world, excepting it be a ray of sunlight darting like an 
arrow between tw’o boughs, or the sighing of the wind among the 
branches. 

The great tropical forests have quite another character, and strike 
us especially by their magnificence, the luxuriance of their vegeta- 
tion, and the variety of their species, ^^t is not so majestic and 
regular as a forest of firs or larches, it is a chaos of verdure, an ac- 
cumulation of interlacing foliage, wdiere the eye vainly seeks to dis- 
tinguish tlie innumerable vegetable forms. Above the large tufted 
tree- tops others are perceived, and palm-trees rise united to each 
other by an inextricable netw^ork of Lianas ; broken boughs suspend- 
ed by almost invisible cordage swing in space ; the Pandanus spring 
like rockets of verdure from the confusion of branches and leaves of 
every variety, which are disposed in plumes, fans, bouquets, and gar- 
lands ; erchids expand their strange flowers in the air ; trees wdiich 
have fallen from age disappear under the mass of flowers, and the 
greater part of those still upright are themselves surrounded, as with 
a new bark, by spiral stems of parasites with elegant foliage. 
While in the forests of the north all the trees resemble each other 
and yet grow isolated like the independent citizens of a free people, the 
innumerable species of the tropical forest, so diflerent from each other 
in dimension, form, and colour, seem to bo mingled in one and the 
same mass of vegetation ; the tree has, so to speak, lost its individ- 
uality in the lifo of the whole. An oak of the temperate zone 
spreading its boughs with their rugged bark, plunging its roots into 
the crevices of the soil, and strewing the earth with its withered 
leaves, always seems to be on independent being even when sur- 
rounded by other oaks like it. Put the finest trees of a virgin forest 
of South America are not independent ; twisted round each other, 
knotted in all directions by cordages of creepers, half hid by the 
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parasites which strangle them and drain their sap, they are lost in 
the immense mass of vegetation which covers the entire countrj\ 

It is from the even surface of the sea or of a great river that one 
ought to see the tropical forest, especially when it clothes the sides 
of an elevated hill from the summit to the base. Under this un- 
dulating mass we can hardly imagine the soil that- supports it; we 
might think that the entire forest was rooted in the waters and 
floated like an enormous pyramidal plant, 200 yards high. 'WTiero 
the hill presents a rapid declivity, great masses of branches, creepers, 
and their flowers stretch from tree-top to tree-top like the sheets of 
a cataract. It is a Niagara of verdure. A moist atmosphere, laden 
with the mingled scents of the plants, escapes from the forest and 
spreads itself afar ; in foggy weather travellers have recognized, at 
100 miles out at sea, their proximity to the coasts of Columbia by 
the perfumes diffused abroad.* 

Of all these marvellously rich troi)ical vegetations, the most varied 
is that of the basin of the Amazons, as indeed the geograpliical 
situation of the country sufficient to show beforehand, for nowhere 
else can we find rich alluvial soil, abundance of rain, and power of 
solar rays so admirably united over such a vast extent. Over a space* 
of many thousands of miles from north to south and from cast to 
uost, the plains of the Amazons are nothing but a limitless forest, 
interrupted only bj" the wide channels of the rivor and its tributaries, 
and marshes and lagunes on their banks, and hero and there by 
glades with high grass where a few scattered trees appear. The 
botanist stands confounded before the immense variety jjf plants 
which present themselves to him. While in the river itself he 
already sees a series of interlacing trunks and branches still garnished 
with their leaves, which the current carries away like a kind of float- 
ing fbrost. On the marshy soil of the shore reeds are crowded together, 
which advance in promontories. On the bank, properly so called, 
the alluvium deposited each year has its particular vegetation, higher, 
more tufted, and more entangled with* creepers, the more ancient the 
soil is on which it grows. Beyond this first rampart of new trees, 
which in many places hides the real forest, f the virgin solitude of the 
great woods commences, where the flora of the Amazons is seen in 
all its beauty and all its majesty at the same time, owing to the pro- 
digious number of plants that compose it. The most varied types, 
climbing herbs, and gigantic trunks are mingled together, light 

* Kiddle, Nautical Magazine^ March, 1805. 
t Av6-LalleiDaiit, Rcit durch Nord-Brazilien. 
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creepers suspended to the branches connect in one network the boughs 
of the entire forest. This is a wonderful picture, which ought to be 
contemplated in free wild nature, either on the shores of some lagune, 
where the enormous leaves and delicate rosy flowers of the Victoria 
regia display themselves, or else on the surface of a tortuous stream, 
all festooned with garlands of interlacing plants, which float beside 
the canoe of the travellers. In no country in the world are strength 
and beauty, grandeur, with at the same time great beauty of detail, 
combined in so happy a manner ; it is the triumph of living nature. 
The forest is at the same time grand and joyous, and has nothing of 
the melancholy of the woods of the temperate zone.* 

If all the plants of the world are not found in the vast selras of the 
Amazons, at least all the genera, even those which are completely 
missing, still have their representatives. Thus the family of lioharece, 
which gives us the charming eglantine of our hedges and the 
beautiful garden roses, the greater number of our fruit trees, the pear 
and the apple, the peach, cherry, medlar, allhond, and many others, 
hardly exists under the tropics; but these jjlants ore rejdaced by 
another great family, that ol the myrtles, uhich produees the guava, 
the pitanga, and a great many savoury fruits, whoso names are 
scarcely, if at all, known beyond the tropical regions. Thus each 
zone has its special family of fruit trees. In the same w^ay the 
humble cereals of the north, the grains of w hich serve as the chief 
food for man, have equivalents in the neighbourhood of the equator in 
the great family of the palms, of which so great a number of species 
live on banks of the Amazon and its affluents. Each of these rivers 
has its characteristic species of palm-tree, giving a new aspect to its 
forests and the villages on its banks. Even on the principal river 
the varieties succeed each other several times, from the embouchure 
to the confluence of the Solimdes with the Rio Negro, and higher up 
as far as the mountains of Peru-f The species of this tree, which 
support the natives with their fruit and furnish them at the same 
time writh refreshing water, with tissue, and with building materials, 
are still more numerous than the cereals of the northern countries. 
And yet the Amazonian regions are scarcely known even now save 
in the immediate neighbourhood of the river-banks, and each new 
exploration of botanists there will reveal the existence of new 
vegetable treasures, 

* Agassiz, Convertaioet teienif/lcat tobre o Amazouat, 
t Id., Ibid. 
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CHAPTER V. 

DISTBinUTION OP VEGETATION ON THE SLOPES OF MOUNTAINS. — MINGLING OF TUB 
DIFFERENT FLORAS. — UPPER LIMITS OF TUB PLANTS IN VARIOUS PARTS OP 
THE WORLD. — IRREGULARITIES IN TUB VERTICAL DISTRIBUTION OF PLANTS. 

In consequence of the gradual decrease of temperature on the sides 
of mountains, zones of vegetation, analogous to those which succeed 
each other from the equator to the pole over the surface of the globe, 
are situated one above the other from the base to the summit of 
mountains. By the flora, as by the climate, we might think we 
were proceeding in the direction of the polar regions, in proportion 
as we ascend the sides of a peak at a higher altitude above the plains ; 
but the intervals of climate that it would take days to cross in 
travelling towards the polo, are traversed in a few minutes of ascent, 
since in the mountains a height from 176 to 260 yards corresponds 
on an average to one degree of latitude. At the foot of the plateau, 
which bears the Cayambe in the equatorial Andes, the vegetation is 
that of the torrid zone ; at the snowy summit of this volcano, which 
is intersected by the very line of the equator, we find plants recalling 
those of Greenland ; but to whatever height wo ascend, «we always 
find living organisms. Above the snow itself the cellules of the Pro- 
tococcuB are grouped and live, as in the deepest seas, the sounding* 
lead still discovers diatoms in infinite myriads. 

The limit which separates the flora of the mountain from that of 
the lower plains is not always very distinct, and we must often 
traverse vast debateable regions before knowing by the aspect of the 
surrounding plants what zone of vegetation we have under our eyes. 
In the same way it is very difficult to distinguish, on the slope of a 
mountain-chain, the various floras, one above the other, becaase 
certain plants are common to two zones at once, and some, from 
various physical causes and changes, descend below or mount above 
the nom^ region of their abode. It is thus that on the sides of the 
volcano of Ghiriqui Moritz Wagner found meadows and green oaks 
beside euterpe-palms and bignonias.* In the same way, too, in 

* Mitthiilungm von Potermann^ zi. 1862. 
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the Columbian state of Santander, the banana and the sugar-cane 
flourish excellently at the height of 9,000 feet, in the midst of the 
region of oaks and birches. There is, therefore, not only euper- 
p ^sition, but also an intermingling of climates and forests. In the 
Cordillera of Valdivia this mixture of floras is such, that trees of the 
plain mount almost to the lower limit of perpetual snow, owing to 
the extreme abundance of ruin, and to the equality of the climate.* 

The mountuiiis where the limits between the zones are more clearly 
defined are, as \^e can understand, those vhose slopes are eut in 
abrupt escarpments. A precipitous rock some hundred yards high is 
most frequently a visible frontier between two floras ; one may sec a 
magnificent example of this at the fall of Tequendama in Columbia, 
where the water plunges from the zone of apple-trees and rye, to fall 
into that of the palms of the Mauritius. Similarly, a sudden change 
in the physical conditions of the place can define <jlearly two zones of 
vegetation. In Vallouise, not far from the foot of the Grand Pelvoux, 
we observe, on the southern slope of the mountain of Eehanda, a line 
of demarcation, straight as if drawn by a cord, between the zone of 
shrubs and that of the short grass of the pasturages ; this is because 
the loAvcr part of the Eehanda is sheltered by a promontory, above 
which the cold wind descending from the glaciers passes freely. On 
the sides of the volcano of Rihihue, in Chili, M. Frick has remarked 
also that the line indicating the limit of the trees is perfectly 
horizontal.f 

The phenomena which contribute each in its way to render unde- 
cided the limits of the superpos *d floras vary in their action accord- 
ing to the innumerable diversities which the slopes present. Every 
difference in the slope, tlio exposure, the nature, or tlio hardness of 
the soil, produces a coi responding diftcrcncc in the widtli of the zone, 
where the plant is freely developed. In one valley well slioltcrod 
from the cold winds, open to the warm breeze from the plain, and 
abundantly w’^atered by rains, the plants of low^er countries often 
ascend to heights several hundreds or even thousands of yards above 
their native soil ; in other places, on the contrary, the plants of the 
elavated zone favoured by the cold winds which are ingulfed in the 
gorges, descend -to a great depth below the imaginary limit of their 
abode. In the same way species which live in the neighbourhood 
of the snows sometimes advance with erratic blocks on the surface of 
tbe glaciers and then are driven witH their terminal moraine as far 

* Grisebsch, OeographiaeJtet Jahhuoh^ von Bthm^ 1806. 
t M%iihetlungen von Batermann^ 1864, ii. p. 62, 
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as tlie lower plains : at other times they fall from the top of the 
mountains with fragments of stone, and in passing at the foot of an 
escarpment we are suddenly surprised to see a foreign colony growing 
and thriving in the midst of plants of another climate. Even the 
avalanches of snow which slowly melt in the meadows beneath the 
passes from which they have fallen leave traces of particular species 
as signs of their sojourn there. Two laws act in contrary directions 
on the sides of mountains, one which tends to cause the lower plants 
to ascend towards the summits, and the other wliich tends to make 
those of the high peuks descend, and in consequence of this incessant 
conflict the limits of the zones are constantly displaced with the 
oscillation of the climates.* 

Since the time of Humboldt Chimborazo and Popocatepetl have 
often been taken as types of mountains with superposed stages of 
vegetation ; still these two mountains cannot bo cited bnt as repre- 
sentatives of the temperate regions in which they stand, for they 
are erected upon plateaux, and in order to find a tropical flora we 
must go to a great distance from their bases. The Orizaba of Mexico, 
whose regular cono is so well seen from the sea, and the Sierra Nevada 
of Sta. Martha, w'hlch towTrs 19,500 feet above the shores of Now 
Grenada, are the most striking examples of this arrangement of 
climates and floras in stages, for from the base we may vaguely dis- 
tinguish on the slopes a r^sum^ of the vegetation of the globe, from 
the cocoa-nut j)alm8 which bend over the shore, to the Alpine plants 
the verdure of which is recognized from a distance by the contrast it 
forms with the whiteness of the snow^s. On the sides of the volcano 
ol Chiriqui, a mountain of less height, wliich also stands on the shores 
of the sea of the Antilles, M. Moritz Ws^ncr was able precisely to 
measure the height of the successive stages. Thai of the palm-trees 
and the Musacca? rises to about 2,000 feet ; the tree-ferns and orchids 
show themselves from 2,000 to 4,000 feet ; above them the rosaceous 
family grows to 5,000 feet ; and higher still, from 6,000 to 10,000 
feet extends the region of oaks and birches. In the island of Java, 
the isolated volcanos which rise above the plains of exuberant 
tropical vegetation are also admirably situated for enabling one to 
study on their sides the natural and cultivated floras and the crops 
in their diiOferent stages, from the base to the summit of the moun- 
tains. 

Isolated mountains which are bathed in an atmosphere where the 


* E. Rambert, plants alpina; GqiUt Mann, MiUhnlrngwi von F^temann^ i. 180S. 



126 


LIFE. 



Fig. 160.^Botanical map of Java 

meteorological phenomena occur with great regularity, present in 
consequence a normal scries of floras in stages from their summit to 
their base. Among the mountains which may tie considered as types 
of the regular distribution of the zones of vegetation, we may cite 
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Pi|^ 170.-8tageB of vegetation on the flanka of the^io de Teyde, Iilo of Teneiiffe. 


the peak of Teyde, the central mountain of the group of the Canaries. 
On descending the height of this volcano in the direction of Oro- 
tava we at first see nothing but retamaSt always retama%^ a kind of 
greyish genista, which delights in a s.1il of ashes and cinders. All at 
once a new plant appears, a heath, and soon we are surrounded with 
^eaths on all sides, and the retamaiB have completely disappearod. 
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One solitary old pine marks tke clearly-defined line of demarcation, 
which separates on the mountain-side the zone of plants of sombre 
tints from that of verdant plants. In proportion as we descend the 
heaths are higher and more crowded together, then they are mixed 
with ferns ; towards 3800 feet of altitude the laurels ris^ here and 
there in the middle of the thicker brushwood, and the volcanic soil is 
covered with gross. Below 3300 feet the crops begin, lupins, com, 
and a few vegetables, while nettles are seen to grow at the edge of 
the path. At 2500 feet the first fig-tree is found, and then we enter 
the region of vinos, cactuses, and fruit trees ; finally, at 1000 feet we 
enter the subtropical zone indicated by the bananas and dracaonas.* 
Among the high mountains of France the Canigou is that which 
rises most proudly above the plain, and on its sides, which arc entirely 
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visible from the open sea, M. Aim4 Massot and other botanists have 
been able to measure with great exactitude the separate zones of vege- 
tation. The olive-trees, which cover the plains of the T6t and Tech, 
grow also on the offshoots of the mountain at a height of 1300 feet ; 
the vine rises higher, but at 1800 feet it disappears in its turn ; above 
2500 feet the chesnut ceases to grow. The last fields cultivated are rye 
and potatoes, which do not pass 3300 feet, a height at which the beech, 
the pine, the fir, and the birch already suffer from the wind and the 
cold of winter. The fir stops at 6400 feet, the birch does not venture 
beyond 6500 feet, but the hardier pine scales the rocks to the alti- 
tude of 7000 feet, not far from the summit. Above this the vegeta- 

* PitBzi, Smith, p. 266 , and following. 
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tion is only composed of Alpine or polar species. The rhododendron^ 
the first tufts of which showed themselves at 4000 feet, extends to 
a height of 8000 feet. As to Ihe juniper, it climbs up the mountain, 
half hiding its branches in the soil to the terminal point 1000 feet 
high, whic;h is covered with snow during three months of the year. 

The stages of vegetation have been studied with care on the slopes 
of many other mountains of temperate Euroi)e, especially on the 
sides of the Ventoiix, by M. Cliarles Martins ; but it is in the Alps 
above all that the most celebrated botanists of our century have made 
their comparative researches on the floras of the various altitudes. 
The limits of these floras vary, so far as vvh' can understand, aeeording 
to the form, exj)Osure, and height of the mountains, the nature of the 
rocks, the moisture of tlie soil, the abundance of snow, and the 
meteorological conditions of the surrounding atmosphere. It is, 
therefore, impossible to give the precise figures on the whole of the 
Alpine masses, and the averages obtained by savants have only a 
very general value. Without taking accr-^mt of the upper limit of 
cultivation, yhieh varies singularly in the high valleys in proportion 
to the industry, intelligence, and social condition of the inhabitants, 
wemaj^ say that the vegetation of the plain hardly exceeds 3000 feet ; 
above this height the slopes where man has not violently interfered 
to change the productions of the soil, are naturally covered with vast 
forests. Still the great trees gradually diminish in height, in pro- 
portion as WT rise into a zone where the air is rarer and colder ; their 
wood becomes harder and more knotted, and the hardy kinds, which 
venture not far from the r(‘gion of the snows, end b}^ creeping on the 
ground, as if to seek shelter between the stones. To the north of 
Switzerland the beech does not exceed the height of 4000 feet, and 
the spruce fir stops at GOOO feet. In the group of Monte Kosa the 
same forest growth, which approaches most nearly to the zone of per- 
petual snow, ascends as far as 0200 feet on the northern slope, while 
on the opposite side, the larch, still hardier, attains its upper limit at 
7200 feet. Higher still, we only see the fan t a stically-t wasted trunks 
of a few mufjho pines, ihododendrons, willow-herbs, and juniper- 
trees, then all vegetation becomes more stunted, and is attached to 
the ground in order to escape the icy winds, and to allow of its being 
covered in winter with a protecting layer of snow up to the very 
edges of the glaciers, and.the white surface of the snows, the phanero- 
gamous plants will grow even at 11,500 feet high ; we see androsa- 
ces, gentians, saxifrages, and the charming thrift with its pink 
flowers gracefully placed on a cushion of green moss ; in the middle 
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of summer freshly fallen flakes will sometimes half cover these tiny 
plants, when we might think the snow was veined with blood. Even 
the highest rocks are covered hero and there with lichens resembling 
rust, and often the very snows themselves arc shaded in red, green, 
or dull* yellow, by a flora of rudimentary cryptogams. 

The distribution of the vegetable species is effected in an analogous 
manner on the sides of other mountain-chains, situated to the north of 
the Alps, the Vosges, the Erzgebirge, the Sudetes, and the Kjolen 
mountains ; only as we can see on the slopes of Sulitjelina, which rises 

I 



in Norway under the G8th degree of latitude, the series of stages of 
vegetation becomes loss and less rich in proportion as we advance to- 
W'ards the north, because of the gradual diminution of the mean tem- 
perature, and the relatively inconsiderable height to that at which per- 
petual snow begins. It is to be remarked, also, that the different species 
are far from succeeding each other in tho same order on the slope of 
the mountains. The upper limits of plants present the most striking 
irregularities in this respect, and intersect each other variously 
instead of remaining parallel to one another, as we might expect at 
first. Thus the aspen rises to a loss height than the beech in the 
Bavarian Alps, and tho contrary occurs on tho sides of the Canigou ; 
on the other hand, on this same mountain, the aspen leaves the hazel- 
nut far behind, while in Bavaria it is distanced by it by about 225 
feet. We have attempted to make these remarkable phenomena 
more intelligible, by means of a diagram. 

The polar limits of the various vegetable species do not succeed 
each other exactly in the same order, any more than the upper limits 
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of siimlar plants on tlie slopes of mountains. These differences in 
the distribution of corresponding floras are connected with the multi- 
tude of causes which hinder the propagation of plants over a more 
extended area. A plant may be arrested on one side by the cold of 
winter, on another by fogs, drought, moisture, or the neighbourhood 
of snows. Each region of the wwld having its special climate, also 
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presents special conditions for the devtvlojimeut of life. Even on 
the opposite slopes of a single mountain the stages of vegetation 
present remarkable contrasts. Thus tlie mountain-pine mm- 

nata) rises nearly GOO feet higher on the southern slopes of Mount 
Ventoux than on the opposite side. On the othtr hand, the e^ergreen 
oak mounts fo neatly 2000 feet on the not them side, and only to 
1800 on the side fully exposed to the middaj sun. Wc observe, too, 
that each declivity has its special growths , to the south it is the 
olive-tree, to the north the walnut and firs.* In the Alps of Mon to 
Viso and the Col dc^Toutle it is seldom that wo fail to observe a 
rhythmical alternation b^tw een the forest s on sides diffei ently exposed : 
larches cover tho escarpments turned towards the south, while firs 
prefer shady valleys looking towards the north. On the mountains 
of tho tropical zone the contrast is more striking still, since on one 
side impenetrable forests extend, and the other side has only herba- 
ceous plants fur its vegetation, lluraboldt observed this contrast on 
the sides of tho Duida, which commands the bifurcation of the 
Orinoco, and it can also be confirmed on most of the mountains of 
the Sierra Nevada of Santa Martha. 

* Charles Martins, Dm Sfilzkrg an Sahara, p. 118 , and following. 
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CHAPTER VI. 

UNCONNECTED SPECIES.— DISPLACEMENT OF ABBAS IN CONSEQUENCE OF GEOLOGICAL 
CHANGES.— PLANTS OF QBEAT BRITAIN.— NATURALIZATION. — INCESSANT MODIFI- 
CATION OF FLORAS. 

One of the most interesting phenomena of the terrestrial flora is 
the coexistence of the same plants in two regions separated from each 
other by vast spaces, where the transport of seeds would not have 
been possible if nature had not employed other means than those 
which she employs in the present period. It is certainly ditficult in 
the present state of science to render an exact account of this division 
of the areas of plants ; but one cannot study it too carefully or give 
too great importance to it, for besides the stratified roclcs and fossils, 
the flowers which spread over the ground recount in their silent 
language the history of past ages. 

Gmclin, and since his time a number of other botanists, ascertained 
that the vegetation of the mountains of Switzerland does not only 
resemble the flora of polar regions, by the general physiognomy of 
its plants, but that it also comprehends species perfectly identical 
with the plants of Spitzbergen, Greenland, and Arctic America. On 
the terminal cone of the Faulhorn M. Charles Martins has gathered 
132 phanerogams, 40 of which are found again in Lapland, and 
eight in Spitzbergen. In the same way the Jardin,'' which stands 
isolated in the midst of the glacier of Tal^fre, resembles by its scanty 
flora a polar country much more than a rock among mountains of the 
temperate zone. In this little ice-girt world, which botanists have 
lovingly studied to the very furthest corner, 128 species of plants live, 
but only 87 phanerogams; of this number 50 belong also to the 
Faulhorn, 24 to Lapland, and five to Spitzbergen. Observations 
made on Other elevated points of the Alps, at the Grands Mulets, and 
in the puss of St. Theodule, have given analogous results. On the 
White Mountains of New Hampshire we also find the same species as 
those of Labrador, many of which belong equally to the mountain flora 
of the Alps and the Pyrenees. Finally, the Atlas and Abyssinian 
mountains, the peak of the Cameroons, the volcanoes of Java, the chains 
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of Brazil and tlie Andes, and even tlie rocky escarpments of Terra del 
Fuego, have among tlieir species some European plants. Enormous 
distances, from GOO to GOOO miles, separate these divided areas of moun- 
tains to the south, and plains to the north, and we cannot believe that 
birds or atmospheric currents could have carried the species from one 
region to the other, for the naturalization of species is most difficult 
in cold countries, and most of these far-scattered plants have neither 
berries such as the birds seek for, nor winged seeds such as are 
carried by tlie wind. 

The same difficulties present tlioinsehes when it is necessary to 
ex])laiii how a great number of fresh- water species live in rivers and 
lakes, deprived of all communication with one another. These are 
jilants whose heavy seeds cannot be transjiorted by the air, and 
which the sea water would destroy in time ; nevertheless, these plants 
have been able to penetrate into almost all lacustrine and fluviatile 
basins, wdicre the temperature suits them. They are seen in islands 
as wxdl as in eonlineiits; they giow on >)th ndes of wddc seas, and 
in the waters wdiich bathe the opposite flanks of high mountain- 
cliuins, and liy a remarkable coincidence it is precisely these acjuatic 
species, with necessarily limited rcquiicments, which are found most 
freciuently alike in the different countries of the earth. Ilespccting 
these whaler plants, just as regarding those of the mountains, botan- 
ists ask how they have been able to establish themselves at the same 
time ill the cold or temperate regions of the tw^o horaispheres at the 
opposite cxtrcuuith's of eontiiieiits, since the torrid zone, which se- 
parates the areas of hahilation by a distance of He^e^al thousands of 
miles, forms an insurmountable barrier betw^een them. Thus e\en 
at the two antij)odes, in New Zealand and in the seas of western 
Europe, IIookcT has recognized 25 identical species of algcc. The 
genus Sparfitia presents the most singular contrasts in this respect. 
One species, Spartina bincta, growls in the United States and in 
Europe on the shores of the Atlantic, and is found at Cayenne, at 
Venice, and at the Cape of Good Hope. Another species, the 
alferniflora, found alike on the coasts of America, in the United 
States, and in Cayenne, only shows itself in France at one spot, the 
mouths of the Adour, and in England, on the shores of Soutfiumpton. 
Finally, the species called jnncca, which flourishes in Georgia and in 
Massachusetts, only appears in the Old World at Fr^jus, near the 
embouchure of the Argens. 

It is true that these last-named plants, living always in the sand 
and alluviariands of the sea-coast, might easily have been transported 
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by vessels with the ballast and raorchandiso from one shore of the 
Ocean to the other, and have propagated tliemsolvos after having 
remained for a time in sea water. M. Godron has seen the seeds of 
grasses germinate after immersion during a winter in a salt pool. 
Darwin and Martins have also proved by direct experiments that 
certain seeds can preserve their jjower of germination after ha\iug 
floated on the sea during 28, and even 1^57, days. They think that 
a tenth of the plants can thus propagate themselves spontaneously 
along the shores.^ Perhaps even the Erlocanhu Hepfangnlaro, an 
American fresh-water plant, which flourishes also on the IScotch 
island of Skye and the Irish district of Connemara, has been carried 
from Canada by the Gulf-stream. It is known what a marvellous 
vitality certain seeds possess. Hobert Drown caused the seeds of 
Nelimhium spcriosiim, deposited in an herbarium for lot) jx'ars, to 
germinate. Perhaps, too, the various seeds contained in the 
Egyptian tombs could, as many botanists assert, have preserved 
their latent life for tliirty and forty centuries. Many geologists, 
indeed, believe that the raio plants suddenly springing up above 
the remains of ancient fossiliferous strata' originate really from seeds 
that have boon buried during a whole series of terrestrial revolu- 
tions, t 

However it may bo, such phenomena occur in too small a number 
of plants for us to be abh* to explain in this way how so many vege- 
table species having several habitats can flourish at a distance from 
the sea and all highways of commerce, either in lakes and streams, 
or on the sides of snowy mountains. We can only imagine two al- 
ternatives in the case of these plants, — either their germs have been 
developed spontaneously on all the spots whore the separate colonics 
are now found, and each mountain summit, each fluvial and lacus- 
trine basin has become an independent centre of vegetable genera- 
tion ; or else the snow- scattered colonies were formerly connected 
with one another, and have been gradually separated, or even dis- 
placed, in consequence of the changes of the surface or climates of 
the earth. The humble Alpine flowers, hiding in the snows and in 
the crevices of rocks, would thus relate the great revolutions of the 
globe, ' . 

In fact, during the earlier geological periods the mean temperature 
underwent frequent changes, as the fossils in the strata of the earth 
prove. In the same country the climate has been alternately hot, tem- 

• Oriffin of Species, p. 366. 
t Alph. de Candolle, Qiographie botaniqm, p. 1067. 
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perate, and cold, then it has become heated again, and consequently the 
living organisms, plants and animals, have been incessantly displaced 
on the surface of the earth.* Towards the end of the Tertiary epoch, 
when the regions which have now become the continents of Europe 
and North America still enjoyed a high temperature, the vegetation 
must have had a much more southerly character on the whole than 
in our days : in the same way the scattered lands which surround 
the Arctic pole had doubtless a uniform flora, composed of plants analo- 
gous to those of our temperate zone. But the climate gradually 
changed, and the cold which was to bring on the glacial period be- 
gan to reign over the northern hemisphere. There was a repulse of 
the species which had advanced too far towards the north and missed 
the necessary warmth. They boat a retreat before the snow and ice 
like an army in flight. The plants of the polar zone gained little by 
little on the temperate zone, those of the temperate zone retreated 
towards the tropics, and by the gradual encroachments of their colonies 
even crossed the equator and established tHcmselves on the now scorch- 
ing plateaux and plains of the torrid zone. During the series of 
centuries of an unknown length which elapsed during the Glacial 
epoch of our planet, a certain number of displaced species sought vainly 
to accommodate themselves in their new countries, and ended by suc- 
cumbing, whilst other plants, favoured by the climatal conditions, 
grew without difliculty in the land of their exile, or even enjoyed 
greater prosperity there than in their ancient abodes. 

Nevertheless the temperature, ehanging incessantly like all the 
phenomena of the universe, entered upon a new phase : to the cold 
period succeeded an increasing warmth on the surface of the northern 
hemisphere, and perhaps over the whole earth. The glaciers which 
filled all themountain gorges and advanced far into the plains, retreated 
gradually towards the peaks, leaving in the fields heaps of the earth and 
debris which they had carried for centuries. To the north the snows 
of continents and the ice-fields of the sea retreated more and more 
from the temperate zones, and approached nearer to the poles. Owing 
to the warmth, plants which the cold had forced to take refuge in the 
equatorial regions, and hod enabled to propagate themselves in both 
hemispheres, were thus divided into two distinct corpB cFarm^e^ retiring 
from each other in proportion as the temperature increased. In the 
same way the species of the ten^rate zone gradually encroached on 
the ground in the direction of the pole, and advancing to the assault of 
the mountains, took possession of the moraines and ravines abandoned 
* See in The Earth the section entitled, The Firet Agee, 
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by the glaciers ; but in order to conquer the mountains and polar 
regions, they were obliged to yield the intermediate plains to other 
plants which had come from the south. An ever-widening space 
occupied by a new flora interposed itself between the two separated 
fragments of the ancient flora, and in our days, after the lapse of ages, 
the European species of the Glacial epoch have no longer any other 
country than the Arctic lands and the rocks surrounded by snow on 
the summits of the Alps and Pyrenees. Like tlioso tribes of mount- 
aineers, Basques, Itomanches, and Vuudois, who, to preserve their 
customs and their nationality, ha\c taken refuge in high valleys, the 
little vegetable population boaiegtMl by the plants of the lower plains 
have retired to the snowy licights, whore they find a climate which 
reminds them of the Glacial epoch. Thus all distributions of species 
which cannot be cxj)laincd by the pr(»sent condition of the terrestrial 
suifacc mil}" be explained by reference to former conditions. 

This is not all : to such iinjiortant alternations of climate arc added 
also, for the modification of vogcdablo areas, the numerous changes of 
form and rcli(‘f to which tb*' continents have been siibjceted. When 
Scandinavia was an insulated country, when a vast sea occupied a great 
part ot the plains of northern Germany and Uussia, and a strait allowed 
the Black Sea, the Caspian, and the Gulf of Obi to communicate with 
each other, there is no doubt that nmritimo currents and convoys of 
floating ice served lo transport Arctic species to tlic sides of European 
mountains. Iraicr, \Nhile the countries of Europe rising out of the 
Scaiidinjn iun sea gnidually assumed the contours that they have now, 
their relief was also modified in various ways ; the heights were ele- 
vated, and thus separated basins formerly united , hills worn away by 
the waters disappeared little by little, and in their destruction a com- 
munication \vas ojiencd between two valleys formerly distinct ; lakes 
were formed, others were dried up, and rivers changed their courses. 
Thus the soil w ith the seeds which former vegetations had deposited 
there was incessantly altered. Why therefore should we be aston- 
ished to see the same aquatic plants flourish in so many basins now 
completely isolated P Communication w^hieh does not exist now 
existed directly or indirectly during previous geological ages, and that 
is sufficient to explain the coexistence of scattered areas of habitation. 
However, in following this path it is so easy to allow oneself to be 
carried away by daring suppositions that it is important to prove 
established facts very carefully before adopting them. Thus, M. 
Schmidt having ascertained that the present flora of the coasts of 
Siberia and China resembles much more that of the Atlantic shores of 
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tlie United States than that of California and Oregon, concludes from 
it that Asia and America formerly composed a single continental 
mass, and then that a part of the centre, after having been gradually 
submerged in the depths of the Pacific, rose again to re-clothe itself 
with a second flora entirely different from the first.* 

The flora of the British Isles is a remarkable example of the 
changes which have operated during the modern period in the areas 
of sjjecics. With the exception of a single plant of American origin, 
the Eriucaulon i^rpfanfju/cfrOf which is found in a part of the llcbridc8,t 
the whole Anglo-Irish vegetation is of continental origin. The 
groat majorit}^ of the species have been propagated directly from 
France, Holland, and Germany, before the English Channel had been 
opened by the waves. Another flora in the north of quite an arctic 
character must have been brought from Scandinavia by icebergs 
laden with d^^bris ; finally, the arbutus, and about ten of the plants 
growing in the mountainous regions of the south-west of Ireland, are 
only found again on the shores of the Gu*f of Gascony, in Portugal, 
in Madeira, and the Azores, and there are strong reasons for admit- 
ting with Edward Forbes that they formed part of the flora of a 
great continent, which has now almost wholly disappeared. Thus 
the modifications of climate and the oscillations of the soil, without 
counting the still more important changes introduced by the work 
of man, have resulted in concentrating parts of three very distinct 
floras in the relatively narrow space of the British Isles. Besides 
this, 83 species of foreign origin have been naturalized there 
during modern centuries by the voluntary or involuntary interven- 
tion of man, who is himself one of the great geological forces. 

Since the discovery of the New World the two continents, which 
navigation continually joins together, have mutually enriched their 
floras by the naturalization of new species. At least 35 plants of 
North America have acclimatized themselves in Europe, and 172 
European species have been propagated on the soil of the United 
States. America has thus greatly gained in this exchange. Europe 
has discharged on the New World vegetable populations as well as 
human populations ; and these colonizing plants, invaders like the 
rude pioneers themselves, have in many spots displaced the native 
species. In loss than a century it is said that the common trefoil of 
Europe has conquered nearly half the continent, from Louisiana to 
the Rocky Mountains. In Australia, Van Diemen’s Land, and New 

* Compt 4 rendu de la Soci^ie g^ographique de p. 21, 1864^ 

t Soo above, p. 133. 
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•Zealand, the invasion of the conquering plants is accomplished in 
perhaps a more rapid manner still ; a few years sufficed to change 
the physiognomy of the vegetation in whole districts. The European 
colonists, occupied only with agriculture and commerce, would will- 
ingly leave to their new country the strange flora whose very aspect 
astonishes them ; but from their fields and gardens plants which, 
have come with them from Groat Britain escape, and spreading 
take possession of new domains ; more rapid in their triumph than 
the English themselves, they arc incessantly driving before them the 
aboriginal plants. The ancient flora, scarcely modified since distant 
geological epochs, is greatly changed in less than a century; one 
might say that these countries, the last representatives of a vanished 
period, abandon the fashions of the old times to dress themselves in 
new costumes. Thus the conquering peoples and the colonists are 
always accompanied by species of plants, invaders like themselves. 
The Persians and the Greeks, the Crusaders, the Arabs, the Mongols, 
and the Itussians, have earried the plants of their country with them 
in their wars of invasion, in the same way as English and American 
pioneers carry theirs into the solitudes of uncultivated lands. In 
this point of view the history of the plants which have been natural- 
ized without the knowledge of man is to some extent connected with 
the history of humanity itself. 

If there are botanical areas which increase in extent, there are, on 
the other hand, many others which arc gradually restricted or which 
even disappear : certain plants have not only been driven back like 
the Maoris of New Zealand or the Red-skins of North America, they 
have been completely destroyed, and no longer exist, except in her- 
bariums, or else in the state of dormant seeds in the crevices of rocks. 
Thus Darwin tells us that during a century the islfltod of St. Ilelena 
has lost a great number of species. Its flora, composed of 746 pha- 
nerogams, almost all of English importation, no longer comprehends 
more than 52 indigenous species : its ancient forests of difierent 
species, which extended over more than 1900 acres, have entirely 
disappeared, and several species have been utterly annihilated by 
goats and pigs; others are dangerously threatened, and botanists 
expect soon to have only the recollection of them. Even in Europe, 
^here colonization has not suddenly changed agriculture and vegeta- 
tion, plants have certainly ceased to grow in various countries. Thus 
the water-chestnut {Trapa natans) and the dwarf water-lily, which 
peopled the waters of Switzerland at the epoch of the lake-cities, are 
• no longer to be found in that country. Certain regions of Ireland, 
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where the forest vegetation has been completely destroyed, either by 
man or by natural causes, still possess, under their incessantly in- 
creasing beds of poat-moss, fragments of pines and oaks ; in the same 
way in the Shetland Islands trunks of a fir-tree, Ahies pectinata^ 
which is now completely wanting in the British Isles, and even in 
Bcandinavia, have been found in the j)eat. 

Besides, the experience of all the foresters and the testimony of 
history are amply sufficient to demonstrate that nature requires a 
continual change, an incessant rotation in the products of the soil. 
In all countries, if a forest be burned it is immediately replaced by 
other species ; a “ re-growth ” of new tn'cs springs from the earth 
instead of the old species, then after a certain number of centuries 
disappears in its turn to give place to the trees of former times ; in 
the forests of Perche each of these re-growths lasts, on an average, 
from 290 to 330 years. Even ^\hen fire or violent destruction docs 
not suddenly sweep away a forest, the latter does not the less 
transform itself in the course of centurit‘S- According to M. Paul 
Laurent, a forest of Europe that in the Middle Ages consisted of 
beeches is to-day composed of (»alcs. Similarly, forests of oak, like 
that of Oerardmer, where* rharlemagne went hunting, have been 
replaced by the fir and pitch-pine ; the fore‘^t of Ilagucnau, now a 
pine-wood, was composed of beeches a century and a half ago. 
Finally, a number of localities which have formerly received the 
names of Charmettes, Pinassc, or Piuiere, Chiituigneraie, Tremblaie, 
Boulaie, no longer liuve the species ^\hieh have given them the name 
they bear. In the meadows also, M. Bureau de la Malle says that 
a rotation lasting for several years, is established between the gra- 
minaceous and leguminous plants. The vegetable populations aro 
constantly changing ; the life which germinates from the ground is, 
like the ground itself, in a state of perpetual transformation. 



OBTGIN OF LIFK 


130 


BOOK II.— THE LAND AND ITS FAUNA. 


CHAPTER VII. 

OBIGIN OF LIFE.— BPECIBS OF ANIMALS —MULTITUDE OF ORGANISM 3.— CONTEASTS 

01 LAND AND SEA. 

Naturalists have not yet distinguinhed precisely, amid the multitude 
of incipient organisms, the boundary which separates the plant from 
the animal. IIow many dubious forms there are ! How many inde- 
finite species diflScult to class in one or the other systems of organized 
beings ! Are they ■Ncgetables ? They grow and are developed like 
them. Should they be classed among the animalculoe P They move 
and devour their prey. Placed, so to say, on the threshold of life, at 
the common origin of the innumerable generations which are bom 
and die on the earth, they naturally appear to us as the ancestors of 
all the species more and more developed, which succeed each other 
in parallel series up ’to the tree and the mammal. For it is in them 
that, perhaps unconsciously, that special activity arises which in the 
higher organisms manifests itself with such great energy. Besides, 
we do not know what life is in those primeval shades where the germs 
are elaborated, where matter is disengaged from the rock or from the 
ooze, to change into little separate worlds. It is only, by the con- 
sciousness of his own life that man can judge of that of other species : 
he takes his place proudly apart, and yet it is by bringing all into 
relation with himself that he establishes the series of living creatures. 

The number of animals is probably not less than that of plants. 
The number of species is estimated provisionally at 260,000 or 
280,000 ; but in reality it is unknown, excepting for the higher 
groups ; and it is precisely these groups which are less rich in animals 
of different forms. The first class, that of the mammalia, is also dis- 
tinguished trom all the others by the least considerable number of 
representatives. Scarcely 1400 can be counted on the entire surface 
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of the planet, in the waters and on the dry land. According to M- 
S<51ys-Longchamp, there would be in Europe only 121 species of ter- 
restrial quadrupeds, and in this relatively small total it is the small- 
sized animals that form by far the greater number. In the same 
way of the 8000 varieties of birds known to naturalists, more than 
5000 are of a size not exceeding the sparrow. The insects, much 
smaller on an average than the animals of all the higher classes, 
comprise in themselves alone more than 150,000 species,* that is 
to say, about three-quarters of the whole fauna already studied by 
scientific men. And yet below the world of insects, crustaceans, mol- 
luscs, worms, and echinoderms, moves an immense swarm of animal- 
euloD, which are at once the admiration and the despair of those 
who seek to investigate them by aid of the microscope. The organs 
of these wonderful creatures escape our sight, often even the drop of 
water in which they move and which is their universe is invisible to 
the naked eye ; but they compensate for their smalluc‘ss by the variety 
of their forms. Man can certainly attempt, thanks to method and 
accumulated observations, to enumerate the infinitely small species ; 
but the task is hardly begun, and it is pursued with difficulty beyond 
the world of fusible insects in that obscurity where only the thought 
of the mathematician seeking to apprehend atoms has penetrated. 
At all events, that w hich wc already know enables us to recognize, at 
least from the mammal to the insect, a law of progression according 
to wffiich the species are more and more rare in proportion as they 
rise ill the series of beings. In acquiring com j dictation of structure 
they lose in diversity of form ; they iinprovt', and become, so to say, 
a resume of the inferior species, but at the same time they are nibro 
and more limited in number, as if nature required more strength to 
produce them, lly a remarkable contrast, it is precisely the contrary 
that we observe in the vegetable world. There it seems that the 
numbers of species and individuals increase in projiortion to their 
degree of development. The phanerogams have many more repre- 
sentatives than the cryptogams. The dicotyledons arc more numerous 
than the monocotyledons, and in these two great divisions of plants 
with visible flowers it is the highest families, the graminaceous and 
composite plants, which are also the richest.* 

If the multitude of species which constitute the whole of the 
earth’s fauna does not yield in number to that of the flora, the host 
of individuals is equally innumerable ; nothing more numerous can 
be imagined than the herbs and vegetables of every sort which clothe 
* Schloiden, Dot U$er^ p. 105. 
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the surface of the earth. It is true that in consequence of their 
relative independence, animals are much less visible in nature, while 
vegetation forms a continuous carpet over the globe, and the green 
of the trees or the grass appears to us like the normal colour of the 
surface of the earth ; animals, hidden under the verdure or in holes 
in the ground, seem at times to be (‘omplctoly absent from the land- 
scape. On the other hand, tho vegetables requiring a nourishing 
soil to support them only spread over its surface, while a number of 
animals can, owing to the freedom of their movements, be accuniulatod 
in enormous masses on the earth, or fly in clouds towards the sky, or 
else move in myriads in the depths of the sea. The atmosphere and 
the Ocean, no less than the surface of the earth, are the domain of 
animal life ; it is only by millions that one can estimate the number 
of the passenger-pigeons of the United States, whose bands, traversing 
the sky with a speed of 50 miles an hour, take three days in pass- 
ing by ; it is by milliards that we estimate the grasshoppers 
which descend upon the provinces and cover them with blackish 
masses, glittering in the sun like a sort of cuirass, whilst they oat up 
all plants to the root. Finally, all ^calculation becomes impossible 
and imagination itself is powerless, when we would speak of tho 
clouds of gnats which darken the air above the marshes of Louisiana 
and Columbia, or over the grand lakes of North America ; and par- 
ticularly when wo think of the innumerable organisms which swarm 
in the Ocean. There is, therefore, an equilibrium, so to speak, be- 
tween tho two forces striving for the possession of the earth, between 
tho flora and the fauna, the vegetable world and that which feeds on it. 

Tho poets of former times, according to Homer, were pleased to 
give to the sea the epithet of barren,’’ and yet nothing equals its 
exuberant fecundity. Much more than the earth, of which the surface 
is only richly peopled, the Ocean is the domain of life. Not only its 
upper sheets, but also the deeper strata, are filled with organisms of 
every kind ; in certain parts the myriads and myriads of creatures 
are crowded in such prodigious multitudes, that the waters themselves, 
so to say, are alive. There may perhaps be found in the vast watery 
tracts some deserts almost entirely destitute of life ;* but these are 
exceptions, and in most of the regions of the sea every drop of water 
18 a world from the multitude of beings that inhabit it. Taken as a 
whole, the Ocean may even be considered the special centre of life. 
It is in the Waters, swarming with animalculro, that continents are 
gradually formed, by the deposit of organic remains.* New gener- 

♦ Marcon, Let Rocker $ du Jura, 
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ations unceasingly at work lay the fountlations of future continents. 
It is in the sea, too, as palaeontologists tell us, that the primitive 
species must have originated, from which all the present forms, 
oceanic and terrestrial, are descended. The great basin of the seas 
is the cradle of life. ** Water is the beginning of everything,*^ said 
Thales of Miletus 2500 years ago.* 

A long time ago Humboldt made tlm remark tlint the Ocean is, in 
contrast to the emerged lands, the principal centre of animal organ- 
isms, while the continents are in especial the domain of vegetable 
life. In fact, the waters of the sea often owe their colour and phos- 
phorescent brightness to the numberless animalcuhe which are 
developed there in prodigious quantities. Over immense extents the 
bottom of the Ocean, as discovered by the sounding-lead, is an 
animated ooze, each cubic inch of which contains millions of living 
creatures. TRc earth, on the other hand, excepting where in desert 
regions it is unprovided with water, is naturally covered with a 
carpet of verdure, plants, large trees, anti innumerable parasites. 
The forests of polypes, in the South Seas, the polythalamia, which 
fall like snow' from the surface of the w'ater to the bottom of the 
Atlantic, the banks of herrings and sfnnuUiifj^y where the fish arc as 
thick as the grass of the prairies, find their contrast in the seas of 
foliage, on the plains of the Amazon, in the undulating savannalis 
which stretch beyond the sight, and even in the cultivated fields 
variegated with so many diflerent plants. 


• JDaM Meery p 121 
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CHAPTER VIII. 

THE OCEANIC FAUNA. 

The contrast between the land and the seas manifests itself also in 
the respocti\ e dimensions of their forms of life. The Ocean, so rich 
in infinitely small organisms, numbers also among its animals monsters 
far larger than thos(' of the dry lands, while the greater part of its 
plants, and even those prodigious fuci several hundred yards in 
length, are nothing but simple strij^s, and present neither roots, trunks, 
nor branches which may bo compared with the oak, the baobab, and 
the chestnut As to the organization, it is of the most rudimentary 
kind. With the exception of a single family of phanerogams, the 
marine algce are all of the lower orders of plants without apparent 
fructification. The pclasgian plants have neither calyx, nor corolla, 
nor stamens, nor pistils. On the other hand, many animals are 
fashioned like flowers,* and the earliest naturalists were often deceived 
by them. For a long time the most learned among them, and even 
Reaumur himself, saw in these polypes real plants, and in our day 
many investigators have demanded if the algJD wore not also, like the 
branches of coral, a kind of structure of vegetable form built by 
innumerable social animalcul®. In any case, it is certain that the 
generating granules of algae move exactly like animalculae, and, as it 
seems, by an act of their own will ; ** they come and go, advance 
towards the light, and only fix themselves after having found the 
place that suits them in which to build their cellules. This is one 
more proof that the division between the two series, vegetable and 
animal, is in great part artificial.t 

In their love of the marvellous, and perhaps also because of tho 
terror which the sight of these monsters of the sea bad occasioned 
them, our ancestors gave to these gigantic animals a size out of all 
proportion with their real dimensions. Numerous are the legends 
which speak of whales on which one could disembark as on islands, 

* Schleiden, I0 Flante, 

t Unger, de Mirbel, Paul Laurent, Pajen.^Maugin, de f Oe^an 
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but which then plunged suddenly and left their visitors fighting with 
the waves. The seamen of all nations recount also a host of stories 
about monstrous serpents, which unrolled their rings over several 
large successive waves, and of polypes whose arms, incessantly in 
motion, resembled a forest agitated by tempests. The observations 
made by naturalists do not confirm these tales ; but it is certain that 
whales have been measured more than 1 00 feet long and 65 feet in 
circumference, weighing nearly 200 tons, that is to say, more than 
an army of 3000 men. Sooresby saw a rorqual more enormous still, 
which was no less than 120 feet from head to tail. As to monsters 
of the size of the hippopotamus or the elephant, such as dolphins, 
orcas, cachalots, walruses, and sharks, the species are very numerous, 
and we often meet with individuals of tliis dimension in groups of 
hundreds and thousands in a limited space. Among the marine 
animals of an inferior order, such as cephalopods, there arc some also 
of a prodigious size ; thus specimens of the Ci/anon arcfica have been 
fished out of the bay of Massachusetts, feet in thickness and the 
arms of whi(;h were not less than 111 feet long.* And certainly it 
may be asserted beforehand that the Oc*ean still keeps in reserve 
many suq^riscs for naturalists who vill explore all its abysses. 

Still, if the sea may be considered as the principal theatre of animal 
life, it is not so much because of the size and strength of its monsters 
as by the prodigious multitude of creatures which are agglomerated 
in rows, heaped up in banks, and swarm in immense beds. It is 
easy to imagine what innuratT’able armies of fish must fill the Ocean, 
since a single female may lay a hundred thousand, or million, or even 
more than ten millions of eggs. In the second generation a single 
couple of these fish may have given birth to a hundred trillions of indi- 
viduals ; in the third generation the entire sea with its unfathomable 
abysses would bo filled with a compact ma.ss of fish. But even 
before they are bom this numberless progeny is pursiuid by equally 
numerous enemies. The sea is an immense field of carnage, w^hore 
the creatures which arc born in infinite myriads serve also as food to 
millions and tens of millions of furious devourers. When the herrings 
penetrate into the North Sea “ it seems as if an immense island had 
risen, and that a continent was about to emerge ; "f hut this island or 
continent of fishes is beset and eaten on all sides. Each detachment of 
the mighty army, about thirty mil^ long and from five to six broad, is 
accompanied by legions of cetacea and other great sea animals, which 

* Elizabeth and Alexander Ag^OMiz, Sea-tide Studiet, 
t Michelet, la Mer, 
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press in bands around the serried columns, and never cease swallowing 
herrings by hundreds ; birds flying in clouds above the scene of the 
immense slaughter plunge down on all sides to select their \ietims ; 
an oily 8ubstuii(*e ic&ultiiig from llie thousands of torn fish floats on 
the surface of the sea,.* ' When at last the llshormeii, w^arried of the 
approach of the bank of herrings, rush to their capture, the massacre 
assumes the most frightful proijortions. Tlie fishermen of the single 
district of the Golcburg kill as many as a hundred and fifty mijlions 
of herrings in a single campaign ; those of llergen three hundred 
millions; those of Yarmouth e\en more. The numlx'r of hc'riings 
captured during the tislicry by the seamen of iiorthein Europe must 
be estimated at lens of millions. 

There are certain parts of the ()c(‘an where the fi^h are still more 
numerous Ilian on the eoasts ol western Europe ; sucli is for example 
the bank of Ne>^ foundlaiid, where, in consequenee of the meeting of 
two maritime currents, difleriiig in temperature and the fragments 
they bring, all the conditions favourable to the development of a 
great diversity of species me found united. It is in the neighbour- 
ing seas that the Esquimaux, whos(* namt; signifies eater of raw fish,” 
finds his food in abundance ; it is there that the Csliernien, English, 
Eronch, and American, go each year to seek their provisions from the 
two or three millions of codfish left hy the multitudes of cetaeenD that 
arc always at work. In the North Pacific, on the shores of Japan, 
round the Canaries are other fisheries scarcely less rich, whence the net 
is sure to bring each time numerous victims. 

As to the marine animals otlier than fish, a number of species swarm 
in masses all the more compact the smaller the individuals thomsclvoa 
are. From the lieights of tho promontories, which rise in peaks 
above tho gulfs of New Granada, to the east of Santa Martha, the 
sea is sometimes scon as far as the horizon filled with yellow modusm, 
so crowded one against the other that tho colour of the waters is 
quite changed by them. A swarm of mcdusir, through the midst of 
which Piazzi Smyth passed in July, 185G, to the north of tho 
Canaries, occupied a space about 45 miles ^ide, and comprehended 
in tho superficial bed alone two hundred and twenty-five millions of 
individuals. Whales and other cetaceoe devoured enormous quantities 
of these graceful orange- veined medusse, and, on their side, each of 
these animals absorbOd myriads of siliceous diatoms. The quantity of 
these inferior organisms contained in tho stomach of each medusa 
amounts certainly to seven hundred thousand, it is therefore by tens of 
* Alfred Fi6dol, le Monde de la Mer. 
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thousands and by millions that we must estimate the creatures 
swarming in each wave.* Sailors, accustomed to see the innumer- 
able multitudes of medussB, only see in them “ the scum of the sea ; 
and Bacon himself, that great observer, thought that the marine jelly- 
fish were nothing else than “ heated foam.’^ More poetically, the 
Peruvians of the coast of Iquique give to one of these animals the 
elegant name of Aqua rii:a,f or “ living water.’’ 

Sqgietimcs the sea is so filled with living organisms that one might 
call it saturated, and its colour is entirely changed by the floating 
multitudes. Thus on the coasts of Greenland seamen traverse broad 
bands of a deep brown or olive-green colour, being frequently 180 
and even 250 miles long ; they are banks of medusa?, every cubic 
inch of water containing hundreds, and swallowed by hundreds 
of thousands in every mouthful of a whale. Elsewhere navigators 
observe immense ‘Sea-serpents” formed by innumerable salpas, 
which are attached to one another like the pnrticdes of one and the 
same body ; or else they form expanses without visible limits, some 
red ns blood, others white os milk. There they are not banks, but 
worlds of animals, where each drop contains as many as there are 
stars in the milky way. In August, 1854, Captain Kingman traversed 
in the Indian Ocean a space more than 25 miles wide, the white- 
ness of which was dazzling enough to extinguish the light of the 
stars ; and when the sea of animalculao was passed, the sky above 
it was for a long time seen to shine as with (ho light of a feeble 
aurora borealis. Ten years later the Vessel Ln Sariho^ found again 
in the same part a vast “ sea of milk,” where the furrow of its prow 
made a black line. 

Is not, however, the marvellous phosphorescence of the waters, due 
in great part to living animalculae, the most astonishing testimony 
to the innumerable host of organisms which swarm in the Ocean P 
There is no voyager who has not observed during the night those 
sheets of yellow or greenish light which tremble on the sea, those 
sheaves of lightning which spring from the crests of the waves, those 
whirlpools of sparks which the prow of the vessel causes in its plunge, 
those waves of flame which glide from either side of the ship to unite 
in long eddies behind the rudder, aad transform the track into a 
river of fire. In the port of JIavannah the least object which 
agitates the surface of the water appears suddenly like a line of 
flame, and raises around it a wh:iile series of luminous wavelets, nro- 

• Pioxfi Smyth, Tentriffe, pp. 6, 6. 
t Bollocrt, AnftquUiee, p. 266t 
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pagating tHemselves in concentric circles to several yards in dis- 
tance. Boats sailing over these waters, driven by the equal move- 
ment of the oars, leave behind them the trace of an immense fiery 
dragon with large paws extended. In the Persian Gulf, Palgrave 
tells us that the wavos are so luminous during the night that the 
Arabs attribute these reflections to the iufernal tires shining through 
the rocks beneath the transparent mass of waters.^ Modern science 
explains to us the phenomena of the phosphorescence otherwise. 
According to the researches of Bo3de, Forster, Tilosius, and Ehren- 
berg, this light results from innumerable animalculio, some living, 
and others in decomposition. 



Vlg. 174.— Oi^niims from the sea*bottom. 


The little organisms called foraminifera, because of the numerous 
holes in t]|pir shells, are probably the creatures which people the 

* Joumnl of th$ Ooo 0 raphieal Society^ 1864. 
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tracts of the Ocean in the greatest mullitudos ; the bottom of all the 
seas is, without excci^tion, strewn with their thin calcareous shells, of 
which one dnichm of sand contains sometimes nearly 10,000, accord-- 
ing to a calculation of M. d^Orbigny. Among the various genera of 
this family, which comprehends nearly 2000 known species, the 
globigcrina, which has an ovoid or sphciical shell, may be considered 
as the special oceanic genus, since it is met with in all latitudes and 
at depths varying from oO to f3()00 fal horns. Their remains cover 
thousands of square miles of Rurfa(*e at the bottom of tlie Ocean ; and 
when the lead brings iij) sjiecimeiis of the ooze, it is often found that 
it is composed of 7o, 80, or even 07 per cent, of the skeletons of a 
single 8j)ecic8 of globigcrina.* The rest of the sediment is formed of 
other debris of little animals, spicules of sponge, and star-lish. Be- 
si^Jes these, there are the siliceous organisms, the di .toms, which aid 
in filling up tin* marine depths. But do these bodies of such a per- 
fect regularity, disks and triangles, p^irallelograms, pyramids, and 
other geometrical figures, all so gracofully ornamented with the finest 
arabesques, belong to the vegetable world ? The botanist Schleiden 
believes so. Or are they rather animals ? The zoologist Ehrenberg 
asserts it. But whether they be plants or animals, they are not the* 
loss one of the most important agents in the continuous formation of 
our globe, t 

• Wallich, Xorih Atlantiv Sea-hr^f Parker and Jonrs, 7V/</. Trans. Vol. CPV. part I. 
1865. 

t Sec bedow, p. 174. 
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CIIAPTEH IX. 

INITLUENCE op climate and physical conditions on the species op a vim alb. 

Animals, Uko plants, depend on all the conditions of climate ; heat 
and cold, light and darkness, dryness and moisture, influence them 
in various ways, and give them a cloarly-defiiU‘d area of habitation. 
Nevertheless, a groat iminbor of species possess an advantage over 
the plants, for while these latter cannot fly spontaneously before an 
nngenial climate, and the displacement of their race takes centuries 
in accomplishing, animals, endowed with locomotion, can more n^adily 
migrate to countries which otfer a temperature suited to them. 
Hundreds of s^ioc.ies of birds and fishes, numerous tribes of insects, 
migrate every year, and are thus able, owing to the two countries 
which they inhabit by turns, to enjoy all the conditions of heat, light, 
and moisture favourable to their well-being. There are birds of 
passage, which travel several thousands of miles in a lew days, and 
go from one continent to another over wide seas. Thus at the com- 
mencement of September llio stork, dreading the severe cold of 
North Germany, abandons the thatched roof to perch on a cupola of 
Egypt or Tunis; then in the month of March, when the African 
climate becomes too dry and burning, it resumes its flight, and 
crossing the Mediterranean, passes the high Alps, oil her on the cast 
by the Engadinc, or on the west by the J ura, and alights once more 
on its nest, respected by the* peasant. 

In the climate of temperate Europe nearly a liuiidrod birds, 
among them the crane, the lark, the passenger-pigeon, the quail, 
and the swallow, travel thus alternately from north to south and 
from south to north, to avoid the extreme temperatures, and perhaps 
still more to find an abundance of food at all seasons of the year ; 
it is even possible that certain species cross the equator duiiiig the 
migrations, and by this coming and gnng they constantly enjoy a 
summer temperature, now in one hemisphere, now in another. 
Several species of mammalia make similar journeys : the vast 
prairies of North America witness each year the immense migrations 
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of the bisons, field-mice, and musk-rats defiling in innumerable mul- 
titudes. In mountainous countries, too, animals can easily change 
the climate without traversing vast spaces ; it is enough for them to 
climb the mountain, and then to descend again to the plain. Some 
of the monkej^s of llindostan take refuge during the summer in the 
high valleys of the Himalaya, as far as 10,000 feet high, and return to 
the low forests of Terai at the approach of winter ; in the same way 
the reindeer of Lapland follow the snow, which now accumulates, 
and now melts on the mountain slopes. 

To avoid the extremes cf temperature, either the cold of winter or 
the too great heat of summer, certain species of animals have also 
the resource of burying themselves in the ground. The greater 
part of the insects pass their existence as larvae under the bark of 
trees, under heaps of leaves, or beneatli the superficial strata of the 
earth. Some species of molluscs and fish, several reptiles, and a few 
mammals hide themselves also in the mud of the lakes and marshes, 
or in burrows hollowed out beforehand. Thus protected from the 
climate out-doors, the animals fall into a state of torpor, during which 
their life remains partially suspended; the temperature of their 
bodies sometimes sinks to freezing-point, and fish have even been 
seen completely frozen, without this apparent death having pre- 
vented their resuscitation later; respiration and circulation of the 
blood are gradually slackened, and digestion ceases entirely; the 
organs becoming temporarily useless are restricted; even the in- 
testinal parasites arc numliod with the animals upon which they live. 
This long period of sleep is, however, a phenomenon which is found 
much more generally in the vegetable world. For, in fact, all the 
plants of the frigid and polar zones repose in the winter, and only 
live by their stems and roots ; even in warm countries, the plants 
present a remarkable periodicity in their existence.* 

Although the privilege of locomotion permits a number of animals 
to enlarge their domain considerably, the species do not the less 
rehiain subject to climatal conditions, and all have an area of habit- 
ation limited either towards the pole by the severity of the cold, or 
towards the equator by too great heat. Each climate has its par- 
ticular fauna, which, in order to live and propagate itself easily, re- 
quires certain normal conditions of temperature and moisture. 
There are animals which cannot quit the torrid zone without perish- 
ing, or living an ai-tificial life like most of those transport^ at a 
great expense to our zoological gardens ; other species die if they 

♦ See aboTf, p 106 
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are taken from the northern countries, covered with ice during the 
greater part of the year. The field-mouse seen by M. Martins on 
the Faulhorn, and certain ainimalculue such as the Deaoria niralia 
and the Podnra Iiicmafia, have Ihoir d\V(*lliiig in the snow, or on 
the ground covered by it. On the other hand, certain rotifers ex- 
clusively inhabit thermal waters; a 8carabo[?U8, the Ilyd robins or- 
hiciilaris, lives in the sources of Uammam-Moskoutino, the tempe- 
rature of which is 131''. In the seas the whale and various cetaceee 
arc arrested by the warm waters of tropical latitudes as if by a bar- 
rier of flame, while the cachalot and the sea-cow swim only in the 
tepid waters of the equatorial occan."^ In the same way the coral- 
insects are only seen in seas whose temperature is above 72® 
Fahrenheit j at GO they can still live, but without developing their 
branches. Tlic Gulf-stream, which carries into the northern seas 
the warm water from the Antilles and Bahamas, carries also with it 
multitudes of southern species, which never stray either to the right 
or left into the colder waters of the Polar current. The two masses 
of water flowing parallel lu each other, but in an opposite direction, 
have each their distinct fauna, whoso' barrier of separation is an 
imaginary line between two zones of diflerent temperature, varying 
according to the seasons and the advance of the waters. As to the 
superior animals wdiicli man brings with him into almost all the 
countries of the world, they are modified considerably under the in- 
fluence of the climate. Horses and dogs brought from England to 
the Himalaya mountains are clothed with a thick wool that grows 
amongst their hair ; in equatorial Africa, on the contrary, the dogs 
and sheep become bald, and fowls lose all their feathers, with the 
exception of the larger feathers of the wdiig.t 

The influence of light is shown also in a very remarkable manner 
by the atrophy or even the complete suppression of the organs of 
vision in the fishes and other animals which inhabit the depths of 
caverns. J The colour of the skin, too, changes in most animals ac- 
cording to the brilliancy of the rays that shine on them. The fauna 
of caverns assumes a dusky and uniform livery, which is lost in the sur- 
rounding darkness, while outside in the splendour of the sunlight the 
brightest butterflies and birds fly, like winged flowers, no less brilliant 
than those of the meadow. The animals of the tropics, especially the 
insects, fish, and reptiles, shine in much brighter colours than those 

• Maury, O^ographie de la Mer, 

f Schmarda, Gtographuche Verbreitung dvr Thivrty Jahrbueh von Behm. 
t See in Barth tha leotion entitled, Springo, 
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of similar species from tlie temperate and glacial zones; thus, as 
M. Radau says, “the sun depicts itself in the fauna of a coun- 
try.” Finally, in the same individual the action of light manifests 
itself hy the contrast of colours, glittering on the hack or upper 
surface of the wings, duskier on the belly or the undorpart of the 
plumage, which remains in the shadow. The habits of most species 
is also regulated hy the alternations of light; mammals, birds, rep- 
tiles, fish, insects, and molluscs, have all their period of daily activity 
clearly defined, either h}" the setting or the rising of the sun. Among 
the insects especially, the awakening of each s])ocics hy day, hy 
night, or hy twilight, is accomplished ^\ith a singular regularity. 
The mosquitoes of certain tropical regions succet'd each otlu'r in tlie 
air at a fixed hour, well known hy the native's, who, hy imprisoning 
the insects which persecute them, are able to measure time no h'ss 
easily than hy that ingenious “ Floral cloc'k,” where each hour is 
marked hy the ex})aiision of a corolla. 

All the animals which inhabit the sea or the (‘ontinents equally 
require air in order to live; hut this air must he more or less pure, 
more or less charged with moisture, according to the species, llaiiy 
birds, accustomed to rove through sj)aee, peiish rnjudly in the midst 
of a corrupted atmosphere, and o\ en their eggs cannot be hatched 
there; the intestinal worms, on the continry, and the innumerable 
species of animals which Iced on decaying matter, and thus perform 
the office of scavengers in nature, can accommodate themselves very 
well to an air mixed with impure gases. Fish, too, and oilier aquatic 
animals, with the exception of the eetucerc and swimming birds, 
directly respire oxygen dissolved in water. As to moisture, it is 
equally indispeiisublo to life ; but u bile eertaiii species live on the 
borders of marshes or rivers, in an atmosj>hero loaded with vapour, 
there are others, especially the numerous tribe of lizards, which de- 
light in the rock or dry soil of desert lands destituth of water. 

The chemical composition of waters is most important for the 
organisms which live within it, and the fauna varies much in lakes, 
rivers, and seas, according to their proportion of salt and other 
substances; it is thus that the Baltic, the saltncss of which at its 
entrance is the same as that of the ( )ccau, and which contains in its 
upper gulfs almost entirely fresh W’atcr, presents at its two ends two 
very distinct faunas, modified bjf gradual transitions towards the 
central part. As to the minoralo'gical nature of the soil, it has pro- 
bably a somewhat slight influence on animal Iffe, and the modifica- 
tions which the fauna of the various soils exhibit, ought pi incipally 
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to be attributed to the difference in the plants which serve as food to 
the animals. Thus some land-molluscs are found exclusively on 
limestone formations, because the substances necessary for the form- 
ation of their shells are not found in the vegetation of other districts. 
The physical conditions of the soil are also of great importance to tho 
species which hollow out burrows or subterranean passages; the mole 
cannot trace its wonderful labyrinths in a sandy soil, which would 
fall in behind it, and the ant-lion which watches for its prey in a 
circular fosse, at the foot of hillocks of shifting sand, would perish of 
hunger if it ventured upon clayey ground. It is a strange thing 
that even the colour of certain species seems to correspond in a kind 
of secret harmony with tho natural products around them. A hum- 
ming-bird, that plunges with delight into an open flower, glitters like 
the flower itself ; many fish which live in rivers with a sandy bed 
seem to bo only thin flakes of spangled sand ; moreover, a certain 
brown mantis of southern Africa lives only on a daik-colourod ground ; 
another, entirely A\hite, is only seen on the dazzling chalk rocks; the 
ptarmigan of Scotland is white as the snow in winter, and in the 
summer is dressed in plumage, whose shades of pearly grey blends 
with the delicate lints of the lichens and heather. 'J'ho green leaves 
of our forests have for inhabitants tho trec-liogs and other little 
creatures which match the verdure, whilst a butterfly itself, resem- 
bling a dead leaf, dancers in the air among the dead leaves scattered 
by the wind ; an orthoj)lcrous insect even scorns as if it were dis- 
guised under the form of a broken beech- twig, and we might think 
that it was one of these innumerable fragments that tho tempest has 
broken from the tree. On tho river Amazon the air is filled at 
certain seasons with a species of white butterfly, flying in myriads 
like snowflakes in a storm ; but amongst these butterflies are some 
individuals of species ordinarily distinct in colour, and which have 
disguised themselves in white in order to be lost in tho immense 
crowd.* llow can we attempt to explain this remarkable phenomenon, 
which constitutes the sole means of defence of the humming-bird, of 
the feeble insect, of tho helpless parasite, excepting by the hypo- 
thesis of “natural selection” which Darwin has recently expounded 
so clearly ? In the incessant struggle for existence, dating from 
the very origin of the species, all the individuals which cannot 
defend themselves by strength, cunning, scent, or venom, inevitably 
perish ; those alone have the chance of escaping which, by their form 
and colour, are nof distinguishable from surrounding objects. It is 

♦ Btites, NaturalUt on the river Amazons, 
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these, who by the gradual disappearance of the individuals visible to 
animals of prey, perpetuate the race, and in the succession of gener- 
ations it is still the varieties most resembling the ground or plants 
on which they feed which save the species from destruction. Thus 
from generation to generation anomalies never cease to adjust them- 
selves, and to assume in the end a permanent character. 
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CHAPTER X. 

FOOD OP ANIMAL SPECIES. — CONTRAST OP FAUNAS. — AREAS OP HABITATION. — 
CHANGES IN THE SUBPACE OF THE AREAS.— BIR^H AND DISAPPEARANCE OF 
BPECIEa 

Of all surrounding circumstances that which most influences spe- 
cies, as we can easily understand, is their food. In the sea, where 
the flora is relatively poor and where the fauna, on the contrary, is 
developed with such an astonishing abundance, animals and animal- 
culae are almost all carnivorous ; the herbivorous kind are few in 
number. On the dry land, on the contrary, the vegetation predo- 
minates so largely that most of the animals live upon plants, either 
their shoots, leaves, flowers, fruit, stem, bark, or roots. The largest 
animals, the elephant, rhinoceros, eland, and giraffe, as formerly 
the mammoth and the mastodon, feed on plants, grasses, and leaves. 
Most birds live on seeds, and with many of their species it is to 
the need of finding food, and not to the alternations of cold and 
heat, that we should attribute their annual or daily migrations. The 
life of the greater part of animals is only one long journey. Urged 
now by hunger, now by the necessity of seeking their safety, they 
come and go incessantly from one region to another, from the forests 
to the meadows, from the mountains to the plains, from solitudes to 
cultivated lands. In the valley of the lower Mississippi tjkere is a 
kind of swallow, known under the name of martinet, which every 
morning flies in immense flocks towards the pine forests of the left 
bank of the rivet, and every evening returns and alights like a 
cloud on the marshy groves of cypresses on the right bank. 

It is principally among insects that the intimate connection unit- 
ing the animal to the vegetable world shows itself. Many plants 
have their special fauna of insects, and of this eager multitude which 
devours them, some attack only the leaves, others the wood, or various 
other parts. The nettle has no loss than 40 species which are 
born, live, and die on Its stem. The birch, the willow, and the poplar 
are each also the exclusive home of numerous tribes of insects ; the 
oak alone nourishes at least 184 species, more than the continent of 
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Europe contains in mammals ; every other tree than that of which 
they eat the wood or the bark is an unknown world to them. Thus 
no insect of Cayenne has beoomo a parasite of the cabbage, carrot, 
vine, or coffee-plant, because these plants have been imported from 
distant countries, and no corresponding sj>ecies is to bo found in the 
country * 

The area of habitation of each animal, large or small, which lives 
upon one or several vegetables, being necessarily limited by the area 
of the plants tliemselvcs, it necessarily results, that tlio carnivora) are 
also quartered in the vegetable region which is inhabited by the prey 
that feeds them. Iloyoud the tropical zone in countries where winter 
periodically suspends the life of the forests and meadows, the para- 
sites of trees and grass are also for the most part eondeinned to sleep, 
either in tlie earth or in the plant they feed u})()n, and the boasts of 
prey which have not a peiiod of winter sleep nuistKiitfer hunger or 
change their country, till tlio i*eturn of spring. ]"inally, the destruc- 
tion of a plant always has, as u din'd eonsequmee, tlie disappearance 
of the special fauna which was attached to it. Jf man fells a forest, 
uproots bushes, or drains a marsh, at the same time a world of animals 
is destriiyed or exih'd. 

The richness of tlie fauna is thus in intimate connection with that 
of the flora : where vegetation spiings from the soil wdth most vigour 
and ubundance, there also animals live in the greatest multitudes. 
Novertholoss, w'e must not think that the animals of the largest size 
inhabit ])rccisely those countries wh<‘re tlie most gigantic trees grow. 
In this respect tliere is rather^ u contrast, — tlio great pachyderms of 
Africa feed on plateaux destitute of trees in many places, and covered 
W'itli thin grass ; tlie enormous w'hite bear of the nortliern regions 
inhabit||Bnow and icc-tields, far from all Ibiest v( getation. On the 
other hand, the splendid forests of Jlra/il gi\e slieltcr to relatively 
small species ; the largest is the tapir, much inferior in dimensions 
to the huge animals of Africa. The most remartablc fact in the 
distribulion of the largest species of aiiimuls is, that they inhabit the 
most extensive countries; it is in the Old World that the largest 
members of the animal w'orld live ; and the long-tailed monkeys, 
tapirs, vicunas, jaguars, and pumas of America are much less in size 
and strength than the gorillas, elepbants, camels, tigers, and lions of 
Africa and Asia. 

The number of species of animals ‘‘is llkcwfse connected with the 
extent of the countries. There does not exist one example of an 

♦ Schmarda, Gcogt aphiachen Jahrburh von JBehm, IKJG. 
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island whose fauna is richer than the neighbouring contineni, — in 
almost all we find an enormous inferiority in this respect. Great 
Britain, a fragment detached from Europe, has fewer animal forms 
than Germany or Franco ; Ireland has less than England ; Sicily less 
tlian Italy. When the Europeans first landed on the Antilles, nearly 
four centuries ago, the sole indigenous mammals, with the exception 
of bats, which could fly over the straits, were four or five species of 
rodents, one of which exists still. Yet the very varied vegetation of 
the mountains, valleys, plains, marshes, and shores of Cuba, Ilayti, and 
Jamaica, would have sufficed for the support of a multitude of speci(*s. 
In the same way, before the arrival of the English navigators. New 
Zealand had no other mammals than two species of bat, a rat intro- 
duced, perhaps, in a ship, a sort of otter, and a leaj)ing onijnal, only 
the remains of which were seen.* A real harmony is naturally 
established between each region and its particular fauna so com- 
l)letelj", that the geologist discovering very varied fossils and large 
bkeletons in an island of small dimensions is able to affirm that it once 
formed part of a vast continent. 

In order to resolve the important question of the distribution of 
animals, tlie naturalist must go back to the anterior ages of the earth, 
during which the continents were otherwise disposed than they now 
are. Thus the monkeys on the rock of Gibraltar bear witness to tho 
ancient continuity of the coasts between Spain and Barbary. In 
other places, in consequence of the change in the forms of tho con- 
tinents, the former species contrast strangely with the present ones; 
only a strait separates two fauna, born at an interval of thousands 
and perhaps millions of centuries. is the contrast observed be- 

tween the archipelago of Sunda and the group of the Australian 
islands. Between Bali and Lombok, which seem, howevei^to form 
part of one land cut in two by the waves, and w'hich a strait, 15 
miles long, scarcely separates, the contrast of the faunas is as com- 
plete as between Europe and America. On one side quite modern 
species live, as if the ancient types had been gradually renewed 
by the neighbourhood of the vast continent of Asia ; on tho other, 
the animals have been preserved without a change in their phy- 
siognomy. In Australia we find neither cat, wolf, bear, nor hyaena ; 
neither stag, sheep, ox, elephant, horse, squirrel, rabbit, nor any 
of those species of quadrupeds which we meet with in all other 
parts of the earth ; but instead, how many animals of ancient forms, 
which to us seem most strange ! The whole Australian fauna re- 

* F. von Ilocbstctter, Xcw-Scciaud, 
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sembles that which formerly occupied the seas and shores of Europe 
during the Jurassic period; it is necessary to trace the ooutse of 
the ages back to that epochs to find animals which recall those of New 
Holland.* 

Whatever may be the enormous part to be referred to the earlier 
conditions of the globe to explain the present distribution of the 
animal species, it is certain that there is now a remarkable harmony 
between, the configui|Ltion of the continents and seas, and the crowd 
of living creatures which inhabit them. Every terrestrial or maritime 
space, clearly limiMby some great geographical feature, such os a 
strait, isthmus, mountain-chain, or plateau, every district distinct 
from the countries bordering upon it by the nature of the soil, and 
especially by the climate, possesses also its peculiar fauna, having 
but a relatively small number of representatives in common with 
those of other regions. The French plains which stretch to the north 
of the Pyrenees, and the Spanish valleys of the tributaries of the 
Ebro, contrast with each other in a sufficiently ^riking manner, both 
by certain species of animals and by their vegetation and the general 
aspect of all nature. Similarly, the diflerenee is very great for the 
living organisms as wtil as for the soil on the two slopes of\he Alps; 
in France, in the stony and desolate basins of the Drac, the Durance, 
and the Yerdon ; in Italy, on the fertile banks of *the Stura, the Po, 
and the Doire. A narrow isthmus, separat^^g two seas, separates at 
the same time two worlds of different species. It is thus, that of 
one hundred and twenty zoophytes, the Mediterranean has only two 
in common with the Red and yet the slight sandy barrier of 
Suez is of relatively recent fomation in the immense scries of geo- 
logical ages. The slender isthmus of Central America, which lies 
between the Pacific and Atlantic Oceans, is an insurmountable barrier 
to the two faunas, and the waters separated by a distance of a few 
miles only are inhabited by totally different species ; there scarcely 
exfsts, Darwin tells us, a single ^h, mollusc, or cetacean, which is 
common to the two oceans. Even the course of, the river Amazon 
serves a limit to multitudes of species; there are birds which 
never venture to cross it, and whose area of habitation is strictly 
liinited either to the right or left bank. 

In ooBsequencG of the great diversity of the present conditions of 
climate, soil, and food, in consequence too of the infinite multitude of 
causes, which, in the earlier ages, inif have favoured or hindered 
the development of the species engaged in the struggle for existence, 

• WoUsoe; m in Th$ ibt leotioii entitled, Tkt Emrlmi Af9%^ 
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areas occupied by different animals are most unequal in extent. 
There are cetacece, swimming birds, and echinoderms, which live in 
all the seas, and gnats, which fly in clouds over the marshes of all 
the continents ; on the other hand, certain species are only found in a 
very limited region. Some reptiles are peculiar to a single district of 
the Eocky Mountains or the plateau of Utah ; a certain humming- 
bird has been discovered in only one Galley of the Andes ; every lofty 
volcano of Ecuador, as Pichincha, Chimborazo, and Carahuirajp, is a 
separate world, having its own special fauna.* Ik the immense river 
Amazon three species of a flsh called arias ai9i f 9 und only to the 
west of the island Marajo, in a space of scarcely tWo leagues, at the 
place whore the mingling of the mud raised by the conflict of the 
sea and river takes place.f 

Besides, the different areas of habitation change incessantly during 
the course of agos according to the modifleations of sOil and climate. 
Man, too, who is also a geological agent, and one of the most active, 
has taken an enormous part, either directly or indirectly, in the dis- 
tribution of animals ; J but apart from this decided influence due to 
human intervention, it is certain that all the variations of the sur- 
rounding circumstances produce corresponding variations in the dis- 
tribution of species. If cold or heat increase in a country, the winds 
become stronger or weaker, the rains increase or diminish ; or if the 
soil be renewed by alluvium, or saturated with salt by an irruption 
of the sea, or if a marsh be formed or dried up, a number of species 
of animals will advance or retreat to And conditions of existence 
which are more favourable to them, an^ilso to seek food which suits 
them. Thus various birds of the upper Engadine have established 
themselves in the lower valleys, and the magpie has even entirely 
quitted the district. § This is a phenomenon which all naturalists 
have observed ; they have even ascertained many apparently inex- 
plicable examples of migrations, so imperceptible to man have been 
the modifications of circumstances which have produced these 
changes in the areas. Thus the whales ceased to visit the Fllroe 
Islands for 22 years, from 1754 to 1776 ; in Sweden a nun^er of 
species have 6ompletely disappeared from the country, and have then 
returned like exiles re-entering their native land, to inhabit again 
the country of their ancestors.!! Nor is this all : not only may 
• Morits Wagner. t Da Silva Oontinho. 

t Sea below, the eeotion entitled, The Works of Man, 

$ Michelet, la Monta^no. 

n Sohmards, Cfio^aphieohM Jahrhuch von Behm^ 1866 . 
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aaimals enlarge or restrAoJ^^^^ areas of habitation, bbt tb^ may 
even completely disappear, afil-zoologpcal’histpiy, hardly commenced 
a few c^turies ago, alrea^ to relate thfr extinction of sereral 
^cies. On the other hand^ew creatores take the place of those 
that have departed, and durilf the succession of ages the fauna is 
renewed by the formation of varieties, which bocomo more and more 
constant, and at length presonl^ all the characters of species. How 
otherwise can we aVplfun the remarkable fauna describe by Darwin, 
^ich belongs ei|j|Uh]ly to the Galapagos Islands, and is neither found 
in the archipelag^ of the South Sc-u nor on the nearest continents? 
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Every district distinguished from those that surround it by a cer- 
tain number of animal forms, has thereby a special fauna ; but 
naturalists usually tako this word fauna in a more general sense, and 
apply it to a collection of species inhabiting a vast geographical 
f*egion, beyond which the majority of forms are completely changed. 
For tbte rest, as might be expected, savants are far from agreeing on 
the limits of these regions, for these frontiers have no real existence, 
and in the multitude of living creatures, whose areas of habitation 
mingle with and intersect each other, there are several which belong 
at the same time to many districts. Schmarda, one of the most 
eminent classifying zoologists, enumerates 21 great terrestrial faunas, 
including those of Madagascar, the Sunda Islands, and Oceania. 
Thei^o various zoological provinces, each one of which possesses only 
a small nuihber of species in common with the neighbouring 
provinces, have still many points of resemblance with each other, 
owing to the multitude of animals which approach each other in 
form and structure, and fulfil analogouftunctions in nature ; these 
species, which in the fauna of a continent take the place occupied in 
a different country by other animal forms, are termed scientific- 
ally representatives. Thus the camels of the Old World are replaced 
in America by lamas and vicunas ; the horses of Asia have the 
zebras as relations in South Africa ; the ostriches of the Sahara are 
represented in Australia by emus, and in the Argentine pampas by 
rheas. In this respect the animal world presents the same har- 
monies as the vegetable world. 

The greatest analogy between the two organic series is found also 
in their order of distribution over the circumference of the globe. 
All the cirouihpolar regions of the northern hemisphere in America, 
,in Europe, and in Asia, are inhabited by identical species, qr at least 
present a great appearance of relationship to each other ; the same 
flora and the some fauna occupy the extremities of the continents ; 
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but towards tbe south, in proportion as the lines of latitude enlarge 
their circles, and the Old and New World withdraw from each 
other, the living creatures that people them, animals and plants, 
differ more and more. The number of organisms common to the 
lands separated by the Atlantic and the Pacific Oceans gradually di- 
minishes, and in the tropical regions the contrast between them is 
complete. At the same time, animal and vegetable species become 
.more and more numerous in the direction from the pole to the 
equator. In Spitzbergen, M. Cliarles Martins found only four ter- 
restrial mammals ; 22 species of birds, all of them being migratory 
with one single exception, flying beyond the mountains of this archi- 
pelago ; 10 sorts of fish inhabit its coasts, while the lower orders of 
animals are represented by only a very small number of forms : only 23 
insects and 15 molluscs have been discovered there. To the south of 
the northern regions the number of species, genera, and families is 
multiplied ten-fold or even a bun dred- fold ; and in the equa- 
torial countries, where vegetation exhibits all its luxuriance and 
wealth, the fauna shows also a marvellous variety of organisms, and 
its types are of the most beautiful and dazzling colours. A single 
naturalist, Bates, after a stay of eleven years on the banks of the 
Amazon, brought back a zoological collection of 14,712 animals, 
8000 of which were new to science. Ilow many must still remain 
to bo discovered, especially among the insects and Annulosm. Ac- 
cording to Agassiz, the Amazon alone possesses throe times as many 
different fish as the immense basin of the Atlantic, 

It is true that if the countries nearest the pole are poor in species, 
these species themselves arc for the most part represented in im- 
mense nuif^bers. On all the promontories and in all the fjords of the 
Hebrides, the Shetland and Faroe Islands, Norway, Spitzbergen, 
and Nova Zembla, the shelves of rock, similar to the shelves of an 
uimphithoatre, are occupied, far as eye can see, by ranks of birds, 
crowded together like an army of soldiers. When these prodigious 
' flocks of birds set off in search of prey they rise like clouds, and 
man has only to shoot at hazard in order to strike down his victims ; 
unless armed with a stick he prefers to despatch the females, whioh» 
screaming with rage, remain devotedly covering their broods. 

The Oceanic faunas must necessarily present a greater regularity 
in fkeil* distribution than the ten^sti^al faunas, for they are not Bable 
to such changes in physical condi^dilB as affect the surface of the land* 
The sea is not, like the lend, full of obstacles which check the distri* 
butbn of animals, and modify, in various ways, the configuration of 
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their domain. Thus the limits of each great maritime fauna are 
precisely those of the basin' where this fauna is developed ; to the 
oast and west they arc the shores of the continents ; to the noith 
and south they are the different climates which arrest the species, 
and cause them to be succeeded by other animal forms. 

Edward Forbes was the first who attempted to draw a map of tho 
distribution of living organisms in tho seas, and since then tho 
general results which he indicated have been confirmed in great part 
by the various savants who have followed him in this way. Each 
region or maritime province is characterized by species which may 
serve as representatives of all the other organisms of the province, 
and which attain their greatest development in these parts. From 
all sides of the central zone, whero tho fauna peculiar to the pro- 
vince shows itself in all its richness, the species go on diminishing 
by degrees towards the other regions, and are finally replaced by 
the prevailing species which in this portion of the sea constitute the 
bulk of the marine population. Forbes compares the domain of 
each of these fauna to a nebula, the luminous points of which, united 
in the centre in a brilliant mass, become less and less numerous as 
they diverge from the centre, and on the circumference consti- 
tute nothing more than scattered traces. The Oceanic fauna, con- 
sisting as they do of a series of zoological nebulae, do not, however, 
differ in this respect from the continental fauna ; but, owing to the 
facilities for migration afforded by the sea to free-sTvimming animals, 
the maritime provinces in which any particular species predominates 
are wider in extent than in an analogous district of terra Jirma. 
Generally speaking, places situated in the same latitudes are fre- 
quented by the same species ; a remarkable instance of thiG^fact may 
bo observed in the Mediterranean, where, from Gibraltar to Alex- 
andria, there is scarcely any difference in the marine fauna. With 
regard to the limits of these regions common to the same groups, 
their extent can very seldom be clearly defined, except where ocean 
currents of different temperatures come into contact. The change 
from one province to another generally takes place without any sud- 
den transition, for the action of currents, tides, &c., endeavours 
incessantly to establish an equilibrium in the temperature of the 
Ocean, and prevents any well-defined boundaries of the limits of any 
forma of life. 

It is, nevertheless, necessary to take into consideration every con- 
dition which tends to modify the general outlines of each geological 
province, the form of its sea-coast, the nature of its bed, the rapidity 

2 
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of its currents, the height of its tides, and the saltness of its Water.* 

These yarious provinces are the extensive regions which Forbes 
has designated by the name of homoiozoic zones (zones embracing a 
similar kind of life). They encircle the earth like the climaterio 
zones to which they correspond, and, speaking generally, their limits 
are formed by the isothermal lines ; they also change their position 
in harmony with these ideal limits, sometimes rising towards the 
north, and at others curving towards the south. 

The great median zone is that of the equator and the tropics, tho 
most important part of which comprises the whole of the Indian 
Ocean and the central belt of the Pacific, from the coasts of Australia, 
Borneo, and Japan, to those of Mexico and Columbia. In this region, 
‘for the most part, marine animals present the most brilliant colours 
and varied forms. This, too, is the region where the waters swarm 
with the greatest number of organisms, and corals and madrepores 
construct their circular islands, which stutj^ the coasts of Asia as far 
as the middle of the Southern Ocean. Between equatorial Africa and 
America this homoiozoic zone is still continued in spite of tho inter- 
position of two continents ; on the coasts of Florida, the Bermudas, 
tho Antilles, the Guianas, and Brazil, molluscs, echinoderms, and 
corals, similar to those of other equatorial seas, multiply abundantly ; 
the species are difierent, but the general types are the same. 

To tho north of this median zone, which extends round the globe 
with an average breadth of 3700 miles, there is another encircling 
zone, which is much narrower and rendered very irregular by the 
variations of climate which towards the north are produced by winds, 
maritime currents, and the diflferent conditions of the opposite con- 
tinental coasts. This northern circumccntral ” zone takes its rise 
in the Atlantic on tho coasts of Georgia and the Carolines, then 
spreading out towards tho east, it washes the coasts of Morocco and 
of the Il)erian peninsula. Beyond the straits of Gibraltar it em- 
braces the Mediterranean, where there are fisheries for the tunny, 
sponge, and coral. In this sea the species show a gradual diminution 
from west to east, and in the enclosed basins in the interior of the 
continent^ the Black Sea, the Caspian, and the Sea of Aral, they are 
even much less numerous. In the Pacific, this same zone, the limits 
of which are however scarcely known, stretches from the coasts of 
the Corea and Japan towards those of California. 

The third zone, which is situat^ about the middle of tbe temperate 
latitudes^ has received the name (not however a very appropriate. 

* Naiurol ffitiory Muropean Shu. 



HOMOIOZOIC ZONES. 


IG5 


one) of the neutral northern zone. Like the last-mentioned zone, it 
curves round and spreads out across the Atlantic from the coasts of 
America to those of Europe. It is narrow along the shores of Vir- 
ginia and Delaware, but it widens out towards the north-east with 
the Gulf-stream, and embraces all the Celtic seas of the peninsula of 
Brittany, Ireland, Scotland, and the Shetland Isles. The Baltic Sea 
and its gulfs are mere dependents on this zone. The great herring 
fisheries are carried on in this homoiozoic zone. 

The most northerly zone which is characterized by fisheries for 
cod and other fish of a similar nature, likewise follows the immense 
curve of the Gulf-stream, and stretches from east to west. Begin- 
ning at Cape Cod in the Bay of F undy, it embraces Iceland and the 
adjacent seas, and washes the coasts of Norway and Lapland up to 
North Capo. In the Pacific this zone, known as the northern cir- 
cumpolar zone, assumes, like the neutral zone, a circular tendency 
owing to the great current of Japan and the south-west winds, which 
in this part of the ocean bring about a circuitous movement similar 
to that of the Q ulf-strcam. 

Lastly, the Arctic Seas are occupied by the polar homoiozoic 
zone, the extent of which comprises tho whole of the spherical cap 
from the Pole to Labrador the Gulf of Obi, Behring Straits, and 
Kamschatka. In this region the inhabitants of the sea generally 
speaking are of rather dull colours, and the species are much less 
numerous than in the southern zones ; but on the other hand, these 
species are for the most part represented by a great number of indi- 
viduals. 

In the southern hemisphere, the homoiozoic zones follow one an- 
other in the same order as in the opposite hemisphere, and exhibit 
similar transitions between the respective tj'pical species ; but, it 
must be confessed, the comparative extent of these various zones is 
very imperfectly ascertained. All we positively know is that to the 
west of South America, the domain of each of the marine faunas curves 
round towards the north, carried away, so to speak, by Hum- 
boldt’^ current,” which runs along the coast. For the present, the 
lines of temperature are the only data we have for fixing, somewhat 
inaccurately, the limits of zones : it will be the task of future ex- 
plorers to determine them more exactly. It would be equally difiicult 
to state at the present time in what proportion species of marine 
animals .diminish from the equator to the poles. In order to solve this 
question approximately, it would in the first place be necessary to 
ascertain the quantity of organic beings contained in the various 
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oceans. All we positively know is, tkat in the European seas, tlfb 
species of fish show a diminution of nearly two-thirds in the north- 
ern as compared with the southern seas, since in the Mediterranean' 
444 are met with, while in the Scandinavian seas there are found 
scarcely 170. Molluscs resist better the influences of climate, for 
about 300 have been reckoned on the coasts of Sweden and Norway, 
that is to say, nearly half as many as on the shores of the Mediterra- 
nean.* During the only voyage of discovery conducted by Captain 
Wilkes, the American naturalists succeeded in collecting in the tropical 
waters of the South Sea 829 fpecics of fish, 900 crustaceans, 2000 
molluscs, 450 corals, and 300 zoophytes. 

* Forbes, Natural History of the European Seas. 
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CHAPTER XII. 

DrHTRIBUTION OF SPECIES ON THE SLOPEB^F MOITNTAINB AND IN THE DEPTHS 

OP THE iSa. 

The gradation of climate on the slopes and heights of mountains, 
simUarly to their succession in the direction of the poles, brings 
about, as its necessary consequence, a rapid diminution of animals 
from the fertile plains at the base to the snowy summits of the moun- 
tains. If the naturalist scales some solitary lofty peak in the torrid 
zone, ho will see the number of animal species rapidly diminishing, 
exactly as if ho wore travelling towards the temperate regions, and 
tlien towards those of the pole. At last, when he reaches the lower 
limit of perpetual snow, where vegetation almost entirely disappears, 
there remain but very few representatives of the animal world, and 
those which still exist in these upper regions are mostly minute 
beings, like the aniraalcul® of the snow, and small quadrupeds which 
bury themselves in the snow, similar to the vohy w’hlch is met with 
on the summits of the Alps * Not only do the species gradually 
diminish on the slope of the mountain, a fact, however, which is 
easily accounted for by the deficiency of food, the increase of cold, 
and the rarefaction of the air ; but #lso the animals met with in the 
upper regions are not the same as those of the lower slopes, and in 
their form, coat, and habits resemble the animals of the polar zone. 
The faunas of the Andes and the Alps bear more resemblance to 
those of Spitzbergen than to those found^ the plains at their feet, 
which are situated at a distance of a few mousand feet.f Neverthe- 
less storms, gusts of wind, and water-spouts frequently blend the 
locally arranged faunas one with another, and as we traverse the 
snow on the summits, we rarely fail to see the great white surface 
dotted over with the remains of insects which have been carried up 
from the valleys bjj atmospherio currents. Sometimes even a few 
stray butterflies fly by chance into these gloomy solitude^, where the 

* OhsrlM Msrfins, Ai Sp%tzh$rg au p. 340. 

t See above, p. 128. 
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cold during night is certain death to them, unless s6xiie<^avourabl 
\rind carries them back to the warmth of their native meadows. As 
far as birds are concerned, numbers of them fly freely up to the 
loftiest summits. M. Jules Remy has seen myriads of humming* 
birds flying noisily round the crater of Pichincha, and the traveller, 
scaling the proudest heights of the Andes, secs far above his hood 
the great condor soaring majestically in the blue’sky. 

On dry land most animals inhabit districts but slightly elevated 
above the level of the ocean; following the same rule, a large majority 
of the inhabitants of the seas, infusoria, annelids, crustaceans, fish, 
and other creatures, exist in the liquid strata of the surface and in 
the neighbourhood of coasts. This must be the case, for it is only 
along the sea-shores that we find rocks which are covered with 
shells, caves, and crevices, where the fish take refuge, and also the 
forests of sea-weed, which are used both for shelter and food by 
multitudes of organic beings ; there, too, j;h 0 rivers convey all the 
animal and vegetable debris from the main-land, which serves as food 
for the inhabitants of the sea. Further out to sea every stray piece 
of sea- weed and every floating mass of the same is also a mustering 
point, round which a perfect little world lives and moves ; even far 
from the shore and shallow water, life although less stirring in com- 
parison with that of the coast, is nevertheless wonderfully active in 
the upper strata of the sea, for there the waves take their rise on the 
surface, and their movements are as necessary to the organic beings 
of the sea as the breath of the wind is to the life of terrestrial ani- 
mals; these upper strata are also the portions of the Ocean into 
which the light penetrates. According to the experiments of Wilkes, 
the rays of light would not deioend beyond 82 fathoms, and this 
point, therefore, would mark the limits determined by the darkness, 
habitable by marine animals and vegetables. Therefore the zone of 
contact where the sea meets the atmosphere, and especially in the 
vicinity of continents, is ||||iere aquatic life swarms in the greatest 
abundance. On land, the conjunction of several geological strata 
fertilizes the soil, and consequently promotes a greater degree of 
activity in the development of the difierent germs ; in the same way, 
the contact of the three elements, water, wind, and shore, draws 
organic beings into the surface-strata of the Ocean, and thus enfolds 
the globe as it wm in a livingicn^elope. 

The shallow parts of the sea, especially in the vicinity of the coasts 
of Europe and the United States, have been already explored with 
the greatest possible care by Edward Forbes, in order to point ont 
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the approximate depth of the supormcumbent layers of flora and 
fauna. Each of these zones is distinguished by organisms or 
groups of organisms peculiar to it. They do not, however, with the 
exception of the upper strata, present any clearly-defined boundary ; 
there are, moreover, a great number of genera and sub-genera, 
which are common either to all the elevations, or to two or three 
of them* 

The first zone,*or that of the shore, is limited by the extreme 
lines of ebb and flow, and according to the height of the tide is 
from half a fathom to 11 fathoms in-depth ; in this stratum a multi- 
tude of organisms live and move, because it is in turn occupied both 
by the water and the air. The second stratum, called the lami- 
narian zone, from a species of sea- weed which there throws out its 
long band-like leaves resembling leathern straps, has a depth of 
about 16 fathoms below low- water mark. This is the principal 
habitat of marine plants, fish, molluscs, and crustaceans. Most of 
the species found here are remarkable for the brilliancy or even 
splendour of their colours, which they owe to the luminous rays 
refracted from the surface of the water. The third, or coralline 
stratum, extends as far as 32 fathoms below the last-mentioned 
stratum ; vertebrate or invertebrate animals arc here represented by 
numerous species, but vegetation begins to be scarce. The fourth 
stratum of the European seas, which, according to Edward Forbes, 
has not a depth of more than 110 to 330 fathoms, and beneath which 
extend the vast solitudes of the uninhabited seas, is without doubt 
less thickly populated than the body of water above it, into which 
the light of the sun succeeds in making its way, and the molluscs, 
crustaceans, and annelids which ai;e found there are for the most 
part of a sombre hue ; but even at this point we have not reached 
the limit of life. 

It is an indisputable fact that marine animals exist at a much 
greater depth than naturalists until very jjecently allowed. Although 
soundings token at great depths in the open sea have not at present 
been yery numerous, and though in most cases the sounding line did 
not bring up ‘any traces of sand or mud from the bed, most savants, 
relying solely upon this negative evidence, predicated that the lotrest 
depths of the Ocean were abiotic spaces, that is to say, absolutely 
destitute of living organisms. Even when several mariners had 
obtained proofs to the contrary, many well-known savants,- such os 
Edward Forbes, Godwin- Austen, Agassiz, de la B^che, were still of 
opinion that below a certain dep^, fixed by some at 165 fathoms 
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by others at 330 fathoms, all animal or vegetable life was impossible. 
Each depth of five and a half to six fathoms involving a pressure of 
water equal to that of an entire atmospheric column, it was thought 
that the general proximate conditions would be so changed at the 
bottom of the Ocean, that the development of any organisms in these 
vast depths would be rendered absolutely impossible. It was also a 
foregone conclusion that living beings could not live imder a j)ressure 
of hundreds or perhaps thousands of atmospheres. According to an 
b}rpothe8i8 which is just as much in opposition to the facts, neither 
plants nor insects can exist on ^e highest mountains ; in the same 
way, by a kind of polarity, the bed of the Ocean was supposed to be 
nothing but a vast solitude. The hardiest among marine animals 
would then be the fine coral of the coasts of Norway, the Lophelia 
pvohfera^ the rose-coloured branches of which are foufid attached to 
rocks at a depth of 330 fathoms from the surface. 

Nevertheless, since the year 1818, the r<^ults of many soundings 
have contradicted the opinion laid down by most naturalists. In 
Baffin’s Bay John Ross brought up from the bed of the sea some 
small crustaceans, annelids, and echinoderms, and in the regions in- 
habited by these animals the depth determined by the sounding-line 
varied from 110 to 1033 fathoms. On the other side of the globe in the 
Antarctic Seas, James Ross discovered in 1814 some living crusta- 
ceans at a depth of 393 fathoms ; but this fresh evidence verifying the 
existence of organisms in the lowest depths of the Ocean was ignored 
like the former. Some time after the soundings made between Ire- 
land and Newfoundland along the “ telegraphic platemi " brought to 
the surface a large number of small organisms, foraminifera, polycis- 
tina, and diatomacea. Further, the sounding-line brought to light 
116 different species of these animalcuhe, taken from a depth of 8660 
fathoms between the Philippine and Ladrone Islands. 

Lastly, in the voyage of exploration undertaken by McClintock in 
1860 across the North Atlantic, Br. Wallich definitely solved the 
question by indisputable proofs. At the south-east of Iceland the 
dredge detached a fragment of a serpula, the flesh of which was still 
fresh, and some small living shell-fish, from a rook at a depth of 671 
fathoms. In addition even to this, another sounding, mode at a 
depth of 1240 fathoms, that is, at a point where the weight of the 
body of water exceeded 200 atnMpheres, brought up several small 
dieU-fisU and thirteen star-fish, one of which was not less than four 
and a half indies in breadth : these animals reached the surfhoe of 
the water alive, and for a quarter of an hour th^ incessantly worked 
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about their long spike-covered arms;* besides, the remains of 
the foraminifcrae which were found in the digestive organs of the 
echiuoderms allow no doubt as to tho fact that these inferior or- 
ganisms likewise exist at a depth of more than 1200 fathoms in 
the ocean. Since Dr. Wallich’s discovery, Torrell brought up 
from a depth of 1430 fathoms in the sea of Spitzbergen a crusta- 
cean oi[^ brilliant colours. Tho same fact oppKes to the Medi^ 
terranean, for when the telegraphic cable which joins the island 
of Sardinia to tho coast of Genoa was broken, its fragments were 
found to bo covered with polyps and shell-fish, bringing the wire in 
some places to the size of a hogshead. Subsequently, the submarine 
telegraph between Sardinia and Algeria was also broken, and Mr. A* 
Milne Edwards recognized on a fragment of the cable, fished up 
from a depth*of 1000 to 1500 fathoms, a largo number of animals, 
which must all have existed in tho bod of tho sea on this wire laid 
down by human agency ; for their forms were moulded round the 
iron on which they rested, and their soft parts were still in a state of 
preservation. Among these creatures there were found scrpulce, a 
species of oyster, a highlj^-colourcd' pecten shell, and lastly, some 
polyps which hitherto had not been met with in any part of the 
Mediterranean, and were thought to exist only in a fossil state.f 
This is not all : Ehrenberg has shown that luminous animalcules 
exist at the bottom of the Gulf of Mexico, and this unexpected fact 
admits of the supposition that the depths of other seas and of the vast 
ocean are jiot lost in unfuthomablo darkness. It may therefore be 
concluded that at a depth of even thousands of fathoms light is not 
altogether wanting, and that it shows itself periodically, or even con- 
stantly, thus explaining why the eyes of species taken from deep 
waters are not atrojjhied like those of fish and insects found in dark 
caverns.^ 

Thus the depths of the ocean aro not a vast desert where the move- 
ment of hidden counter-currents is tho only evidence of terrestrial 
life ; even in the midst of these regions, where a ray of light never 
penetrates, there are beings which are born there, which live there, 
and which there find their graves. Doubtless, most of these beings, 
like the inhabitants of caverns on terra Jirma^ are dressed in a sombre 
hue ; but this is not a zoological law, for those very species which 
have been discovered at the greatest depths, namely the echinoderms, 

* WsUich, Athntio Sea~bedy p, 69. 
t Annaba dn Sebnm Kaiur^^ 4th ierie*, 1S6I. 
t MitthiUungm van Fatamann^ vi. J867. 
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found by Wallicb in tbe sea of Iceland, and tbe crustacean taken by 
Torrell from tbe bed of tbe Frozen Sea, present tolerably bright 
colours. By gradually adapting themselves, either by migration or 
by the effect of a slight depression of the bed, to their location in 
these deep waters, these creatures have preserved the specific bril- 
liancy of their colour, which their ancestors doubtless owed to the 
vivid light with which the superficial strata of the ocean are eStnbuod.* 
As far as marine plants are concerned, sea-weeds properly so called 
have not yet been noticed growing at a depth of more than 218 
fathoms : the only organisms which could be called vegetable which 
have been found in the depths of the ocean belong to the primitive 
order of diatomacese. 

in' 

Still more recent dredging researches, carried on by Carpenter, 
Wyville Thomson, and Jeffreys in England, Count Pourtales in the 
United States, and Sara in Sweden, in depths varying from 200 to 
650, and even up to 1400 fathoms, fuDy justify Ae inference that 
there exists a varied and abundant submarine fauna, at depths which 
had generally been supposed to be azoic. They also completely disprove 
the earlier doctrine that an increased amount of bath 3 rmetric pres- 
sure must be prejudicial, if not fatal, to higher forms of animal life. 

The presence of bright colours in shells and crustaceans obtained 
from these vast depths, almost certainly proves that light — though 
greatly modified— does penetrate even to the inmost recesses of the 
deep sea. — II. W. ♦ 

• Wallich, North Atlantic Sca^bed^ p, 135. 
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CHAPTER XIII. 

GBOLOOICAL LABOUBS OF OEBTAIK ABIMAL BPBCIBS. — CORAL REEFS AND ISLANDS. 

Thbre are very few animals which, in order to obtain their prey or 
to construct their habitations, disturb the ground so forcibly as to 
leave, either on the surface or in the upper strata of the earth, traces 
of their work.* Babbits, foxes, “prairie-dogs,** and marmots dig out 
burrows ; moles and musk-rats make their way under-ground, like 
miners, through long avenues or labyrinthine galleries ; white ants 
construct “ high obelisks of clay ; ** but when the animal-builders 
have left their hidden vaults or visible palaces, they do not long 
resist the rains, vegetation, and all the other agonts of destruction 
which surround them. Among works directly accomplished by mam- 
mals, those which last the longest and may exercise a real influence 
on the topography of a district, or even its local climate, are the 
structures made by the beaver ; rivulets kept back by these dams 
are changed into marshes, or perhaps take a difierent course, and 
sometimes even become tributaries of another basin. At the time 
when the forests of Western America were still inhabited by vast 
tribes of beavers a large number of watercourses were thus changed, 
by the trunks of fallen trees, into a succession of pools. Even in our 
time nearly all the streams which flow to the east of the mountains 
of British Columbia have been dammed up and changed into marshes. 
The beavers have themsdves destroyed the watercourses which 
were necessary to their existence.* The worm disturbs the ground 
to more purpose, for although the work done by each individual may 
amount to very little, the result of the collective labour is neverthe- 
less of the greatest importance ; for, as Darwin points out, it is the 
earthworm which most contributes towards preparing the vegetable 
soil on which we till. 

In the enormous geological changes caused by animal life, the . 
creatures themselves have taken no voluntary port, and if they 
modify the face of the planet it is solely owing to the accumulation 
• ICiltoB ittd Oheadle, <0 rMlmttique w 
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of tHeir debris. The humble sphagnum, and other marsh plants, 
owing to their innumerable multitude, ultimately spread thick layers 
of peat over vast plains and even on mountain-slopes, and in the 
same way the very smallest an\malculoD multiplying by myriads and 
myriads at length form immense strata in the outer crust of the earth. 
One quarter of the town of Berlin is built on loose soil com|)Osod of 
successive generations of those infinitely tiny creatures ; at the mouth' 
of the Odor and man}^ other rivers, in the port of Wismar, and on 
the bar of Pillau, a third, or even a half of the mud is formed of 
living species accumulated in incalculable numbers ; * the mass of 
animalculoD which every century is deposited in the port of Pillau 
must at the very least be estimated at more than a million cubic 
yards. This mud will some day dry up, and, like schist and sand- 
stone, form solid strata in the jilains and mountains of ^erra Jirma, 
In the same way diatomacca and foraminifora from the bottom of 
the Ocoan,t and corals from the superficial strata of the sea, are 
constantly at work building up geological rocks, like those which 
were formed by species in former ages, and at the present time con- 
stituting parts of the mainland. By their constant work of assimi- 
lation, polycistina, globigcrinre, sponges, madrepores, and other 
workers of the sea, collect the carbonic acid, lime, and silex brought 
down by the rivers, and rebuild the earth slowly with these materials. 
Whilst watercourses ore gradually wearing awoy the foundations 
of mountains and demolishing them particle by particle, the inhabit- 
ants of the sea arc engaged in laying the foundations of a new 
world. Some idea may be formed of the immonso part played in the 
history of our planet by marine organisms, when wo take into con- 
sideration the production of the calcareous formations which cover so 
large a portion of the earth’s surface. Burmcistor rightly remarked, 
that whatever may have been the origin of limestone, dolomite, and 
chalk, it is quite certain that all the rocks of this mineral composi- 
tion have been eaten and digested ” by animalcules similar to those 
met with in the Ocean at the present time. The foraminifera in the 
bed of the North Atlantic deposit calcareous matter exactly like that 
found in our present mountains ; new oolitic rocks are formed com- 
posed entirely of small orbulina univrrsa,} 

The best known, if not the most active, of these workers of the 
see, these world-builders,'' g are #ie^oopfaytes {ZoaniluiiHa)^ number- 

• M0ek§r9h§9 d'Ehrmhirff m 1889.— Anton von Etzel, 4^ (Hue, p. 421. 
t Soe above, p, 147« t ^fnHioal JHaffutine, l^ovemben 1802. 

' { Miohokt, h Mer, 
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ing some hundreds of species, the accumulated debris of which forms 
vast tracts of land in the South Sea and the tropical Atlantic. The 
corals of more temperate zones do not increase in multitudes suf^ciently 
numerous to form banks of rock to any great extent. Only those 
waters of which the temperature is at least 66 degrees Fahr., that is, 
within an equatorial zone about 50 degrees in breadth, form the 
scene of \)p 0 ration in which these enormous crowds of workmen can 
live and multiply, and, by the elaboration of the calcareous matter 
contained in solution in the body of water, can gradually cause dry 
land to rise up from the bed of the Ocean., The working polyps, 
most of which belong to the madrepore family, cannot live in any 
seas which are crossed by cold currents. There is not a single 
coral reef to be seen all along the western coasts of South America, 
which, although warmed by a tropical sun, are also washed by the 
cool waters coming from the south polo. The gradual increase of 
cold in the deeper strata of the sea is also probably the reason why 
the coral-builders live only at a slight depth below the surface; 
below ^0 fathoms the dredge does not discover a single specimen. 

In certain parts of the South Sea, multitudes of these animated 
floweis, the diflferent varieties of which shine with the most brilliant 
colours, give to the surface of the water in its shallower parts the 
appearance of a field studded with glittering flowers. The colour of 
the calcareous masses produced by successive generations of madre* 
pores is generally of a dead white. The reefs constructed by the 
meandrines rise up in conical protuberances, which are covered with 
winding lines like the circumvolutions of a lobe of the brain ; the 
edifices built by pontes spread out in large regular strata, while 
those of other creatures are composed of cavities bristling with 
points, sometimes even assuming the appearance of petrified brush- 
wood. When the reefs have gradually emerged from the sea, and 
have been left by the colonies of animals which inhabited them, the 
different species of coral forming the rocks may often be recognized ; 
but in many cases the stems and branches of coral have been broken 
into so many fragments, and so intimately mixed up with the debris 
of sheU-fish, that no trace of the original fabric can be discerned ; 
the rockj^ mass, which is entirely an animal production, appears 
quite as destitute of debris of any regular form as beds of sandL 
Every trace of the life which has produced the islands, and is still at 
work on their outer edges, has completely disappeared. Having 
undergone this change, the calcareous rocl^ which, moreover, bears 
an exact resemUanoe to strata of the same origin which iirere 
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deposited during ancient geological periods, is often Tery compact, 
and sometimes even partially crystalline like a Wt of marble.*i< 

In reefs BtQl inhabited by living creatures the^jpk^ active corals, ' 
such as the meandrines and porites, are those which occupy the ex*^ 
temal portions of the rocks which are exposed to all the force of the 
waves ; their calcareous bulwarks, which break the force of the tides 
and the surf, protect tho more delicate species which take shelter in 
the channels and lagunes inside the reef. The banks are not, how- 
ever, entirely composed of polyps ; shell-fish abound in great variety 
in all the little pools among the rocks, and augment with their re- 
mains the thickness of the mass; echinoderms fill up with their 
spikes all its crevices ; and, lastly, myriads and m3Tiad8 of fora- 
minifera, forming a lesser world living in this wprld of corals, 
swarm in every wave which washes tho reef. In many parts of the 
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South Seas, especially on tho great barrier round Australia, the sand 
is entirely composed of whitish discs of these marine animals^ All 
this immense swarm of animation, which may be compared to a 
chemical apparatus of vast dimensions, is incessantly engaged in 
assimilating the calcareous salts which have been carried away from 
the earth by the sea-water, and is storing them up for the formation 
of future continents. 

In spots where the subterranean forces, which are at work in the 
depths of the earth, are upheaving the bed of the seas, the reefs 
naturally emerge in a period more or less prolonged according to the 
power which impels them, and, during tho course of ages, gi^ually 
rise above the sea with the islands of which they have laid the found- 
ations. Nevertheless, the madreporic rocks also ultimately emerge 
from the water in places where a gentle movement of depression is 
gradually swallowing up the former land. Many an which 

reared its mountain high above the Ocean, has long sinoe dis- 
appeared, and ships now cast anchor in the very place where its 
summit was swallowed up ; but r^und the former sea-coasts, which 
are at the present time covered By the waves, there is now spread 
out an annular belt of islets and reefs rising out of the water Idee a 
« Beete Jnkci, Bekocl Mtinuat of Otology^ p. 67* ff. 
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living wall; tbaae extraordinary ranges of narrow reefs, disposed in 
a ciroiilar or oval form in the middle of the sea, constitute those 
atolls the formaftHn pf which has bAn so well explained by Darwin.* 
According to Dana tho larger coral islands of the Pacific are 290 in 
number, and together comprehend an area of 60,000 square miles, 
that is, about an eighth part of the ground rising above the surface 
of this Ocean. As far as the smaller islands of the same origin are 
concerned, no attWpt ^has yet been made to count them. The king 
of the Maldives, a name signifying ** innumerable islandf^'* can, with- 
out any exaggeration, assume the title of Sultan of 30 atolls and 
11,000 islands, t 

Since 1702, when Strahan discovered the marvellous productions 
of the madrepores, every navigator tells us how the structures 
brought up by the polyps to the level of the water may gradually bo 
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converted into dry land, and become covered with flotation. The 
waves break in pieces the projecting stems, and lifting np the looser 
fragments of coral, «drive them ftnwards to the highest point of the 
reef. There, by degrees, they form a bank of debris on which 
the breakers beat and bring from the open sea sand, broken shells, 
and the remains of the innumerable organisms which swarm in the 
ocean. Enriched by these additions brought to them by the waves, 
the calcareous bank becomes covered here and there with a thin 
layer of vegetable soil, where sooner or later some seed germinates 
which has been carried away by the current as it washed tlie coast 
of some distant land. A few land plants embellibh with their ver- 
dure the grey and monotonous coast ; after a time trees take root 



Fig. 177/-G«iiiblar UiuiA, 



GSOWTH OE ATOLLS. 


179 

there ; then inM^ts and wonna, earned along on drift>wood as if on 
rafts^ begin to populate the incipient groves ; birds resort thither to 
hide their nests among the foliage ; and at last ik often happens that 
some fishing party, attracted from afar by the beauty of the site, 
come and take possession of the new land, and build their huts on 
the ^ge of a spring which has been gradually formed in some 
cavity by the subterranean filtering of the rain-water. Such has 
been the history of hundreds and thousands of the islands scattered 
over the Pacific Ocean and the Indian Sea. Some of them have 
been known to take their rise during the course of the present cen- 
tury. Thus the island of Bikri, in the atoll of Ebon, had not 
reached the surface of the water in 1825 ; but in 1860 it had already 
become a dry rock with an area of about four roods, and some pan- 
danus sown there by the waves were growing in the sand on the 
shore. Other islands, formerly separated from each other, are now 
united so as to form a crescent-shaped tract of land, and the former 
divisions may still be recognized by their rocks, which are either 
bare or covered with a scanty vegetation.* 

Generally speaking, the section of the ring which is turned towards 
the point of the compass whence the wind most frequently blows is 
that which presents the greatest extent of dry ground or even a com- 
plete half circle, for the animalculae building the reef take a delight 
in the beating of the surf. There are, however, certain archipelagos, 
like that of the Marshall Isles, where islands continuously increase 
on the very side of the atoll which is least beaten by the waves. 
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This fact is accounted for by the violence of the north-east trade- 
wind, which, during six months in the year carries from the eastern 
to the western reefs all the broken pieces and drifting matter, and 
thus construct an artificial bank on the least populated side of the 
atolL 

StiU the appearance of reefs differs considerably according to the- 
activity of the coral insects and the various physical conditioils of the 
ground on which they erect their structures. All round a greet 
* l>om, Amtrkm JcurmU Sei^me mi ArU^ 1860 . 
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Fig 179 — 'Atoll of Meiiohikoff 



FBINGING BEEFS. 




' number of islands/ being an example of ibis class, tbe reefs 

of madrepores fringe the shores like the shoals on the rocky coasts 
of Brittany, and between iein*a firma and the bek of reefs properly so 
called there is little more than a narrow canal, through which vessels 
make their way with difficulty ; but being protected against the surf 
*of the open sea, they are navigated in safety. Other islands, 
Gambier f and Yamkaro for instance, are encircled at some little 
distance by an almost complete belt of rocks of a tolerably regular 
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f See the plate on p. 176. 
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formation. In these cases, howeyer, the central isle nas oisappearea 
and its place is taken by a lagune which is surrounded on all sides' 
by the atoll witli a circle of reefs and breakers. Some atolls are . 
singlo, like the famous Keeling atoll, which has become celebrated 
through Darwin’s description ; others are double, like that of Men- 
chikoff ; others again are multiple, innumerable so to speak, like those 
marvellous agglomerations of the Maldives, where each reef is an atoll 
in miniature, and, with other reefs of similar shape, constitutes a larger 
atoll ; and this larger atoll is but a link in the immense chain of an 
atoll having a circumference of 62 miles.* We also find in the sea 
many groups of scattered islets, which do not seem to differ from the 
dispersed archipelagos of seas in the temperate zone, and would not 
bo recognized as fragments of some large annular islands, were it not 
that a circle of shallow water shows that these islets are nothing but 
the emerged points of a submarine atoll. As an example of this 
formation we may mention “ Brown’s Argjiipelago.” Ijastly, certain 
coral islands, especially those in a certain part of the Kingsmill 
archij)elago, assume the shapes of almost perfectly regular triangles 
and squares. It is difficult to explain this strange arrangement, 
which doubtless proceeds from the collision of oceanic currents. 

By comparing on several occasions the exact height of the coral 
reefs situated at the foot of the forts on the rocks of the coast of 
Florida, Agassiz found that the average growth must be computed 
at from seven to eleven inches in a century. Thus the madrepores 
appear to take a long time over their work, and very small changes 
in the comparative distribution of land and sea occupy a long succes- 
sion of ages in their accomplishment ; nevertheless these innun^erable 
multitudes of animals, engaged as they arc in the incessant eonstruc- 
tion of their calcareous edifices, are of the greatest importance in the 
history of the world. They are at work on almost adl the shallows 
and coasts of the Bed Sea, the Pacific, and the Indian Ocean, that is 
to say, on a total extent of coast-line of several hundreds of thousands 
of miles. It is not therefore a mere figure of speech when geo* 
graphers designate corals as the builders up of future continents. 
Between Australia and New Guinea, in that part of the Ocean 
which has received the special name of the Coral Sea,’* countless 
myriads of coral insects are employed in concert in no less a work 
than the reconstruction of tha^hu^en portion of the world which, 
in the southern hemisphere, once tended to balance the mighty mass 
of Ai^ The oontinuoas line of reefs which stretches outside ths 
s Bee in JSarth the plats representing the 
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coasts of Queeosla&d and the peniosula of Cape Yovk is not less 
than d31 miles in length ; towards the entrance of Torres Stinits 
this coral wall, approprmtely named the Great Barrier, is olunged 
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into a regular dike, the openings of which ai*e Sanown only to the 
cleverest sailors. For a space of about 310 miles any access to the 
coast of Austrafia and the Straits of Torres is oomplet^y shut out by . 
this winding rampart of madreporic rocks ; and beyond this obstacle 
ships sailing towards the Sunda Isles have still a number of reefs to 
round ; there is also a complete labyrinth of narrow canals which 
must be carefully followed ere they reach the open sea. We might 
justly say that an isthmus of rocks, 124 miles in breath, has always 
united the Australian continent to the large island of New Guinea. 

In the Atlantic Ocean the only coral structures*of any importance 
are to be found at the outlet of the Gulf of Mexico. The peninsula 
of Florida, a low and marshy tract of country in which the only hilk 
are merely mounds of sand raised by the wind, is entirely composed 
of coral debris and calcareous sand. This enormous territory, not less 
than 78,000 square miles in extent, reckoning up to the line where 
the continental highlands begin, is the T^fprk of polyps. Taking for 
the foundation of their edifices a long strip of sand, which was pro- 
bably formed between the waters of the Gulf-stream and those of the 
main sea, the animalcul&c, in the first place, built their structures up 
to the water's edge ; the waves have afterwards destroyed all these 
reefs, and having reduced them to sand, cemented them into one solid 
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mass in combination with all the debris cast up by the aea.* li must « 
however be confessed that the corals have taken their time over this 
immense undertaking. According to T. Sterrjf Hunt, the period 
which the polyps must have required for raising the reefs of Florida 
from east to west would be at least 864,000 years, and the develop- 
ment of the peninsula from north to south must necessarily have 
Opcupied a period of not less than 5,400,000 years.! Florida has now 
ceased to increase towards the east ; for on this side its shores are 
bordered by the deep water of the Gulf-stream, and polyps, as they 
work only in shallow water, cannot live there.- The peninsula 
increases in extent only on its western and southern coasts. 

As has been shown by the explorations of Agassiz and several officers 
of the American navy, the construction of the southern point of 
Florida presents the remarkable phenomenon of concentric coasts. 
A long way out, in the sea and even on the very edge of the bed 
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whicli is filled by the waters of the Gulf-stream before they make 
tbeir way through the Bahama channel, there extends a semi-oiroular 
range of rocks, which, here and there, reach the surface of the water, 
and along almost their whole extent are still in course of construction ; 
'this is the future coast of the peninsula. Inside this first range of 
reefs, which is only indicated by breakers and a few rocks, there 
extends a long curve of Iri/s or caf/oa, composed of islands, islets, and 
rocks, forming an almost continuous line ; this constitutes the true 
coast of the peninsula, and on its extreme point has been erected, as 
if to keep watch, the great fort of Key- west, one of the most import- 
ant military depots and maritime and commercial stations in the 
world. Behind this sheltering range of keys, at an average distance 
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of nine miles, stretches out the regular coast, composed, like the 
external reefs, of coralline debris ; then, further inland, the geologist 
finds again ancient banks, and separated from each other by marshes 
and tracts of low lands ; these wore the reefs which two or three 
hundred centuries ago were beaten by the waves, at an epoch when 
the present coast was nothing more than a succession of islets scarcely 
level with the water. 

The Bahama Islands, which are^also structures erected by eoml 
insects in the shallow parts of the present, like Florida, a sort of 
Hofode which at the east is suddenly cut off by the depths of the 
open sea ; the western side in the still waters of the gmat banks 



CORAL ISLANDS. 


187 


tLe spot where the organic debris and mud accumulate, which, sooner 
or later, will form the largest archipelago in the West Indies. On 



Fig. 186 .— The Islaiida of Eleuthera and New Providence. 

the side towards the main sea the islands are developed into a very 
elongated arc of a circle, and uniformly present the appearance of 
incomplete atolls ; madrepores, astreas, and caryophyllee, which 
delight in working when washed by the huge waves of the open sea, 
cannot, in fact, complete their structures except upon the side 
which is washed by the surf, and therefore do not build annular walls 
like those which rise amid the waters of the Pacific. 
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BOOK III.— EARTH AND MAN. 


CHAPTER XIV. 

THE INFLUENCE OF NATURE ON THE DESTINY OP MANKIND. — ANTIQUITY OP THE 
HUMAN RACE ON THE EARTH.— MONOOENISTB AND POLYOENISTS.— FUSION OF 
HUMAN RACES. 

.* 

Man does not only live upon the surface of the soil, — he has also 
sprung from it ; he is its son, us we learn from the mythologies of 
all the nations. We are of the dust, the water, and organized air, 
and whether we may have sprung from the slime of the Nile, 
whether we may have been formed from the red earth of the 
Euphrates or the sacred alluvium of the Ganges, we are none the 
less the childxen of the ‘‘ beneficent mother, * like the trees of tho 
forest and the reeds of tho rivers. 8he it is from whom wo derive 
our substance ; she nourishes us with her mothcr’s-milk, she furnishes 
air to our Jlungs, and, in fact, supplies us with that wherein ** we live, 
move, and have our being." It must therefore necessarily bo the 
case, that those special forms of the earth, with which their flora and 
fauna harmonize so wonderfully, should be likewise reflected in the 
vital phenomena of that one fauna which we call mankind. 

All the organisms which exist on tho sui'foce of the earth may, it 
is true, act in opposition to nature and infringe the limit fixed by the 
TariouB climates they have been used to according to the intensity of 
their vital energy. Plants and animals are ever seeking to enlarge 
their domain, and, species by speeies, carry on an incessant struggle 
fi>r the possession of tho soil. Owing to their vital energy, the^more 
energetic tribes shift Iheir possession and become difiused over vast 
countries where the geological emf climatic conditions are exceedingly 
varied ; but as th^ pass the boundariesiof their nstive habitat, the 
types die away or become modified under the influence of the new 
sarroundings. The harmony between the earth and its products is 
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fhus disturbed, but only to be gradually re-establisbed^'th conformity 
with the laws which govern all planetary phenomena. ^But in thus 
exercising their own peculiar energy so far as ia consistent with 
the conditions of their life, the special faunas and floras only add 
the wonderful harmony of the earth and of all that springs up ipd 
groins upon its surface. 

^Man, the reasonable being ’’ who so much delights in boastiiig 
of his free will, is nevertheless unable to render himself independeztt 
of the climates and physical conditions of the country which 
habits, liberty, in our relations with the land we live in, con- 

sists in rcpi^izing its laws in order that we may live in accordance 
with them.. However great may be the comparative facility of life 
and action which we have gained for ourselves by our intelligence 
and personal volition, we none the less remain mere products of the 
planet ; fixed to its surface like imperceptible animalculm, we are 
carried along by all its movements, and are dependent on all its laws. 
Moreover, we do not belong to the earth merely as isolated individ- 
uals, for associations ot men, taken as a whole, must at their origin 
have necessarily been moulded into i^hape on the earth on which they 
took their rise ; in their inner organization they have been compelled 
to reflect the innumerable phenomena of the continental outline, tneir 
rivers and sea-coasts, ^d their circumjacent atmosphere. All the 
primitive facts of history are explained by the disposition of the 
geographical theatre on which they have taken place ; we have even 
a right to assert that the history of the development of mankind has 
been written beforehand in sublime lettering on the plains, valleys, 
and coasts of our continents. 

A geometrical parallelism is not, however, the point in question 
here. The resemblance between facts and the scenes that surround 
them is not an p,bsolute one as would be the image of an object re- 
flected in a looking-glass. No, the accordance which exists tetween 
the globe and its inhabitants is composed both of anedogies and con- 
trasts ; like all the harmonies to be perceived in organized bodies, it 
proceeds from conflict as much as from concord, and never ceases to 
oscillate round a shifting centre of gravity. The forces at work both 
on the surface and in tiie heart of the earth are alwaj^ in action, 
and geological phenomena bear witness to this fact ; in the some 
way, man is incessantly engaged in a conflict with the globe on 
which he " dwells ; having submitted to be a child of nature during 
the ages of primitive batbarism, he has gradually emancipated him- 
self, and now endeavouring to a^pt to his use the forces of the earth. 
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he has, so to*8peak^ made th^m his own. The action of the planet 
on man ^ahd the reaction of man on the planet are the a|;encies which 
have given rise to that harmony which forms the histoiy of the 
human race. These facts, however, have become little more than 
truisms since the Humboldts, the Hitters, and the Guyots have by 
their lal^urs established the solidarity which exists between man and 
the earth. When the illustrious author of the Erdkunde compiled, by 
his unassisted efforts, his great encyclopaodia, the grandest geo- 
^ graphic monument of ages, the leading idea which inspired him was 
that the earth is the body of mankind, atid man is the soul of the 
earth. Without thus proudly appropriating to ourselves the globe 
on which we tread, we are still justified in asserting that though for 
a long time we were nothing more than its unconscious products, we 
have become increasingly active agents in its history 

It is now proved that man has existed on the earth since a very 
remote period. Written documents do not carry us back ffirther 
than thirty or forty centuries ; the most ancient remains of edifices 
built at any previous epoch, which also may be called archives of 
stone, date back perhaps two thousand years before ; but far beyond 
this short historic period, which scarcely comprises the lapse of one 
hundred and fifty generations, extends a space of time, certainly 
much longer, known to us only by pure tradition. Then mankind, 
rising to a more enlarged self-consciousness, linked age to age by 
legends, poems, and symbolic formula ; the reminiscences of great 
events, migrations, wars of races, alliances, exterminations, and 
triiunphs of industry, were incorporated into religion itself, and, in 
an increasingly varied form, were handed down from ag^ to age as 
the heritage of nations. In still more ancient times, in the dim mist 
of bygone ages, our ancestors lived the life of wild beasts in forests 
and caves. Tradition, np less than history, is dumb as to this epoch 
of the human race ; but t^e strata of the earth, explored in our time 
by geologists, are 1>eginning to reveal to us both the existence and 
the custoBis of these ancestors of ours long unknown to us. 

To ,aay nothing of the objects discovered at various epochs, at a 
time when science, still timid, refused to recognize the antiquity of 
man, so many human remains, and so many productions of primitive 
iildustTy have been lately met with, that, comparatively speaking, 
there CfXi no longer be any doubt the long dnmtion of our species. 

Not only did our ancestors inhabit forests conteinporaneoiisly with the 
Bo$ urui, now banidied into the Oaudasus, and in Europe xepreseuted 
^ nfbw parlgi^lqr cpb or two specimens ; but anterior to epoch* 
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tiiey also eitisted during the Glacial period^ at a time Vhen Franoe 
and Germany presented the aspect now offered by Scandma'na^ and 
the rein^er, now banished to the vicinity of the northern zone, fre- 
quented the glaciers of the Alps and the Pyrenees. At a still more 
ancient period, at an epobh when the European climate, which must 
subsequently have become so much cooler, was on the contrary much 
warmer than in the present time, the cave-men had for thoir con- 
temporaries cor tain species of rhinoceros and elephants which are 
now extinct, and even then artists, humble predecessors of Phidias 
and Baphael, endeavoured to carve representations of mammoths 
upon thoir implements which have been preserved in tjie earth of 
caves. Before this epoch man still existed, striving for masteiy 
against a formidable enemy, the great cave- bear, representations of 
which he likewise left engraved on stone ; and still further back, in 
the dim mist of ages, we learn from other remains, those of the 
Elepha& aniiquus and movithonahfiy that our ancestors were already in 
being during a period whose life was once believed to have been 
separated from the present era by a succession of sudden cataclysms. 
IIow many thousands or even millions of years have elapsed since 
that time P This question as yet no one can answer.* 

The shape of the skull shows that the human remains found at 
Eyzies near the border of Dordogne, must have belonged to a race 
which even now might be reckoned among the most beautiful of its 
kind ; the skulls found by M. Garrigou in the caves of Ari^ge, and 
perhaps belonging to people of the historic epoch, are of very noble 
proportions ; but the sku^ found at Engis in Belgium, Neanderthal 
in Rhenish Prussia, Borreby in Denmark, and Eguisheim in Alsace, 
prove that numbers of the primitive inhabitants of western Europe 
were very much inferior to the civilized people of our days. Thq^^gh 
perhaps more agile in pursuing their prey and more powerful in 
bringing it to the ground, these representatives of extinot races 
were less intelligent and had less of the man about then^ than we, 
and their facial aigle bore some approach to that of the wild beasts 
with which they were compelled to struggle for very exielence. Ae^ 
Professor Huxley remarks, the ^fferenoe in capacity between the 
skull of civilized rdan and that of the man of Neanderthal or Boraeby, 
lAoh exceeds the difference which exists between ancient huma^ 
skulb and those of the largest-sized monkeys. Must we thepsfere 
conclude^ with Oarl and many other anthropologists, that man 
is descended from one or several species of these quadmmania, which 
* 9<mohsr Os PsriliMt, Lirtei, CbHitw, Ljell, Lubl>ook, Gorngsa^ Broos, to'' 
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liaye graduaUy deyeloped by tbe process of selection or through a 
contest for life extending throughout a long lapse of ages f We have 
here a theory which, far from being humiliating to mankind, should- 
on the contrary be a source of pride ; our own immense progress 
would 'justify a very considera‘h|jp"«xpectation on this point. Never* 
theless, although it is all very w^l to set up and discuss these grave 
hypotheses, we must however be on our guard against accepting 
them as demonstrated facts as long as no direct evidence has been 
definitely brought forward. 

Since we are necessarily still in doubt as to the very origin of 
mankind, k is obviously impossible to ascertain whether the different 
races of the earth are descended from one couple or from several 
primitive groups. Is it a fact that all men, black and white, red and 
copper-coloured, own the same Adam as their progenitor, and the 
same Eve as their common mother P Or has each continent, each 
isolated tract of land, produced autochthonous races distinct from 
every other, as it had previously produced its peculiar flora and 
fauna P Although this question is as yet insoluble, none is more 
discussed by anthropologists. Some maintain that the primitive 
unity of the race is an indisputable fact, and that it could not be 
denied without making a kind of attack against the majesty of man- 
kind ; others are of opinion that there were three, four, five, ten, or 
eleven primitive groups ; there are some also who talk of hundreds 
of various races which have sprung up here and there at different 
epochs on continents and islands, like tbe plants, the seeds of which 
were sown, so to speak, at random. In support of this theory they 
cite the well-known fact that the types of fossil man in western 
Europe present contrasts much more striking than those observed 
in the races of our time. 

Moreover, the passiona of our nature, having no alliance with 
science, have been mixed up in this debate. At the time when the 
American Republic was still unfortunate enough to reckon along 
with its thirty millions of white men, the freest in the universe, 
^our millions of negroes condemned to the most degrading slavery, 
both polygenists and monogeuists used to dispute d outranee in 
scientific language ; they went so far as to invent arguments, not 
to establish the truth, but either to justify or to curse slavery. Evm 
among those who believed in tMi.ti^ition of the primitive u^ity of 
the liuinan race, many asserted, out of hatred to the blacks, that thii^ 
unity has been broken during the course of ages, and that the children 
of slavery were for ever doomed to the lash and to the iron Collar, 
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These contests^ provoked by the strife of interest and feelings, have 
not resolted in any scientific certainty, and the origin of our race 
remains as obscure as ever. This ignorance is naively illustrated by 
most of the myths which recount how the life' of the first men began 
by sleep* Nothing was in being, ^^y the old men of an Indian 
tribe, ** all was null and void there was no sky, no earth, no sea, 
no shore. Suddenly seven warriors found themsolves seated on the 
edge of a lake smoking the^ calumet of peace, and their wives were 
already working in the wigwams.'' No legend brings more vi\idly 
before us that man passed his infancy as if in a dream ; his first 
commencement was living without knowing it. 

It matters moreover but little whether man is descended from one 
or several primitive couples of ancestors ; it is of little importance 
w'hether races so diverse in their nature were all begotten by the same 
family, or whether they were born in different countries and at 
different epochs, provided that this unity, though doubtful in the past, 
becomes a matter of certainty in the future ? This is one of those 
great questions which anthropologists are now putting to them- 
solves, and we believe that it will be very near its solution when the 
results shown by experience are adhered to in good faith. Accord- 
ing to some savants, various races cannot blend one with the other ; 
the black cannot permanently unite with the white man ; the Red- 
skin, the South Sea islander, the Arab, and even the Chinese, can 
never enter the great family of their brother nations i and more than 
this, the Hindoo, although no less Aryan in his origin than the 
western European, and actually his precursor in arts and sciences, 
is compelled to remain excluded from the circle of the proud Celtic 
and Germanic races without renewing the former bonds of parent- 
age. According to this theory, which is absolutely enunciated by 
some and more or less softened down by others, the progeny of any 
'union between different races would be a faipily of hybrids destined 
either to die away from sterility, or to produce successive generations 
“the special type of«whioh, growing weaker and weaker, could only 
^ultimately result in the reproduction of one of the two original races. 
^And even a more melancholy fact 1 Certain inferior tribfes, alto-^ 
l^ether incapable of uniting with the’tnasters of the earth or even of 
pividg in the same civilized state, will have no alternative left but 
bo die out ; the earth not being large enough for thorn and for the 
then of the victorious race ! 

Abut 1 the 8^<-styled civilized man has often proved his superiority 
svejp other wuses by e merciless course of destruction ; he has hunted 
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them down like game, Bom^timea in order to seize their land, their 
jewels, or their aarms, sometimes to make slaves of them, and feme-* 
times merely for tasting the 'pleasures of Wholesale slaughter. ’ The* 
number of victims which have been thus sacrificed during .the last 
four centuries must be computed by millions and millions, and whole 
tribes, and even nations, have completely disappeared. It may be 
easily understood that in the face of this immense massacre the fusion 
of races could not be effected. Nevertheless, if the greater part of 
Europeans, instead of showing themselves to be mere exterminators 
and clearing away all before them, had been somewhat less of bar- 
barians, if they had adhered to the plan of evincing their native 
generosity by coming forward as friends and as benevolent and just 
individuals, can we believe that they would have failed in coming to 
a good understanding with the natives, and that an union would not 
have been easy between the distinct races ? In every part of the 
world, the common understanding <^f what is just and right would 
have marvellously facilitated the alliance. If it is a fact that fusions 
between different races can produce nothing more than sterile hybrids, 
the case is plain, mankind is condemned to death, and to a rapid 
death, for peoples and races are every day more and more mixed up, 
the frontiers of countries are disappearing, and by cross-breeding 
upon cross-breeding all men will ultimately become one and the same 
family. 

In spite of the terrible conflicts w'hich have taken place, in spite of 
exterminations, and in spite of slavery, the whole of South America, 
the republics of Central America, the West Indies, and a portion of 
the United States, are now peopled with a mixed race in w'hich blacks, 
whites, and red-skins are found blended together. Is not that part 
of the earth which we call the New World, inhabited by newly-formed 
peoples, the typo of which is in no way confused with that of either of 
the races which produced it, but is all its own P Is it not a fact that 
all these populations, which resemble the European in intelligence and 
ideas, the Indian in an indomitable spirit of stubbornness, and the 
African in his enthusiasm and gentle qualities, are liviiig proofs that 
the various human races might easily be united into one in spite of the 
difference in their origin. Subjected to the influences of rapid changes, 
journeys without end, the various elements brought in by emigration, 
the intermixtures between^lfamilies, the modification of cUinutes pro- 
duced by cultivation, — ^the types of mankind, becoming more and mote 
mobile, blend and ultimately unite : if these types in former days 
remained imphanged, the cause was the immobility of natipns. The 
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Egyptian of our time, althoitgli chardctepized by sligbt modificationa 
pointed nut by Brugsch, is much thOyS^me as the figures which we 
*8ee enslaved and bent dowd on the fronts of obelisks and on the pedes- 
tals of statues* But there is no painting, there is no design engraved 
either on stone or metal, which has ever given us any indication of 
the type of the modern North American, or Yankee^ or of the Span- 
ish- American. 


o« 8 
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CHAPTER XV. 

INFLUENCE OP CLIMATE. — TROPICAL ZONE —FRIGID ZONE,— TEMPERATE ZONE. 

The various conditious and surroundings regulating climate are so 
extromoly diverse in different parts of the world, it is only possible 
in the most general way to point out their influence on the inhabit- 
ants. Thus in the tropical zone there is a complete contrast be- 
tween deserts destitute of water and verdure, and the luxuriant lands 
on which at one time the sun shoots forth its flame-like feys, and 
at another the clouds pour down their showers in cataracts. 

The development of life is rapid in climates where the winter 
season follows immediately ujion tropical heat; it advances with 
rapid strides, and death also hastens on behind it ; gigantic trees 
inhale currents of carbonic acid through their thirsty leaves, and 
absorb them into their numerous tissues ; bamboos may almost be 
seen to grow, and marshes are concealed under isles of floating 
herbage. No sooner does a storm overthrow the mighty giants of 
,the forest than fresh vegetation springs forth from the shattered 
bark. Thus life, over indefatigable, causes multitudes of new 
organisms to shoot out from the death of the old. In this fruitful 
climate, where the air is pervaded with heat and saturated with 
moisture, those vegetables which are used for the food of man grow 
in the greatest abundance. In many regions of the tropical zone all 
that man has to do when in search of food is to shake the branches 
of the trees or pull up roots from the ground. His needs are so very 
few and life is so easy to him, that he cares little about it ; he is not 
compelled to sustain it by dint of work, but it meets him as it were 
half way, and ho almost despises it, because its favours are so gener* 
ously offered. He therefore meets death without a regret, and not 
one tear is shed when he closes his eyes for ever. Sudden epidemics 
visit the inhabitants, as storm-clouds beat upon a forest ; sometimes 
oven famine carries away wh()lo populations, who have not been wise 
enough to store up the resources offered to them by nature against 
future times of want. But what matters the death of a man or even 
that of whole tribes P Children innumerable take thl^plaoe of those 
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who have departed, and grow up like the grass in a newly mown 
meadow. Thus the mildness of the climate, the fertility of the soil, 
the exuberance of life, and the suddenness of douth, take an equal 
part in maintaining man in his native carelessness and idleness. 
Taken as a religious being, all he can do is to bend in silence boibre 
the majesty of mighty nature. Her violence is too terrible, her 
energies are too ^impetuous, the groat alternations of her actions are 
too regular, for the feeble being placed in her midst to be anything 
but her slave. He will worship her in all her phenomena : in the 
rays of the sun, because they burn and destroy ; in the clouds, bccauso 
they peal forth thunders ; in the dark forest, because serpents and 
tigers are hidden in its depths ; in all that surrounds him, because 
everything lives with an irresistible force of life which may at any 
time ca^se his death. The stupendous work which is unceasingly 
going on around him hinders any personal labour; ho thinks but 
little ; when, like the Hindoo, he meditates and contemplates the 
laws of nature, his ideas somewhat tend to the profound and the im- 
mutable, like the laws of which they are the reflection. 

The rich nature of the tropics even on account of that richness is, 
as wo see, not the most favourable to the progress of mankind, but 
the frigid zone is still less fitted to be the residence of prosperous 
nations. But a few tribes have wandered into the solitudes of those 
countries, where they have struggled painfully with the climate in 
order to extort from it each day enough to keep up a miserable 
existence. As, on account of glaciers and the absence of vegetation, 
they cannot penetrate far into the interior of the islands and conti- 
nents on which they live, they build their wood or snow huts on the 
sea-shore. There, at least, the wind now and then wafts to them a 
few gusts of equatorial air, there the counter-currents drive upon the 
shore water which has come from the tropics, and still retains some- 
thing of its primitive warmth ; and when the sea is not too stormy, 
or too much covered with drifting ice-bergs, the fisherman is able to 
venture out in his leathern boat in quest of seals and fish. When 
he has pierced with his harpoon the animals which are to serve as 
food for his family, he returns to the small black hole which forma 
his miserable retreat, where, warming himself by the flame of a lamp, 
he spends the long winter night, wMoh seems as if it would never 
.end, for even the sun, the source of heat for all terrestrial life, 
abandons the frigid zone for whole weeks and months, while the 
aurora, intervals takes its place, sheds but a livid gleam, a 

mere phantom of the day. Existence is a difficult matter during this 
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long and gloomy ‘winter ; famine, too, often makes great karoo 
among these people, and sometimes whole tribes have disappeared 
without leaving a trace behind them. How could it be otherwise 
than that the mind of the Greenlander, the Esquimaux, and the 
Kamtchadale should suffer under the influence of the desolate climate 
of the polar regions ? All travellers relate that the most simple 
pleasures are sufficient to fill up the cup of joy for artless beings like 
these whose life is always so monotonous ; in their struggle for exist- 
ence ambition does not form a part, for the main point with them is 
to procure food, and the soil is too ill adapted for cultivation, and the 
climate is too inclement, for them to be able to counteract the diffi- 
culties presented by the land, and to make any endeavour to appro- 
priate it for their own use. They are loving and gentle in disposi- 
tion, for a family living together as they do in their snow ^t must 
be all the world to each other ; they are attached to their native 
land and die when obliged to leave itf because their ideas are as un- 
sophisticated as the country in which they were bom, and there only 
can they experience the simple pleasures and peaceful joys which 
refresh them after their labours. Even among nations there are 
some that are always children, and they perish when they are torn 
away from their mother’s breast. 

The two temperate zones, and particularly that in the Northern 
hemisphere, are the portions of the planetary surface which have 
been the most favoured in the development of the human race, and 
when the more or less civilized nations of Western Europe and 
North America proudly attribute to their inherent virtues the great 
progress attained by them, they little know how much is owing to 
the favourable climate which has assisted their efforts. 

The distinctive characteristic of the temperate zone is the equal 
and periodical alternation of the hot and cold seasons. In the 
tropics, the mean temperature varies but slightly, and in the frigid 
zone, intense cold yields to a milder climate for only a few weeks 
during a very short summer ; but in the tract of land included be- 
tween the two extreme zones, heat and cold follow each other regu- 
larly, so as to form two well-defined seasons following the path of 
the sun on the ecliptic. The nations of the temperate zones are 
reared in a powerful climatic tide, the flow of which rises from the 
equator towards the poles Airing spring and summer* the ebb 
descending from the pefles towards the equator during the autulto 
and winter. The extremes of temperature are alway4lll»parated by 
long intervals of weeks and months, and the influenoe of eontraiy 
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climates is only shown by successive gradations. In the temperate 
zone nature wears alternately a joyful and a melancholy aspect ; 
during the warm season the earth is gay with smiles^ covered with 
flowers and foliage, it fills the air with its perfume, and abundantly 
absorbs the rays of heat, light, and life, which the sun sends down to 
it ; in winter time nearly all tha# is green seems to have faded, the 
delicate outline of the bare branches on the trees stands out in relief 
against the sky, and the ground is often covered with snow as if to 
shield it from the outer air, and in silence and retirement to pi’cpare 
for the germs of life which will bud forth in the spring. 

This succession of seasons does not, however, take place so ab- 
ruptly as to bring about any injury to the organism of man. 
Months, weeks, and da3^8 follow their course in the circle of the ^car 
with a harmonious and measured step, and man, borne along by the 
seasons, must involuntarily bo carried along hy their movement; 
during the course of a year he passes through climates of the most 
various nature, and, gazing on a landscape which is ever changing, 
he alternately secs natuiu like that in the tropics and that in the 
polos fluctuating around him. The scenes w^hich follow one another 
season after season represent both to his body and mind journeys of 
many hundreds of miles ; he is, so to speak, constantly changing his 
habitat on the surface of the globe. Nature is exhibited to hitii in 
all the beauty she wears in every climate without presenting to him, 
except but rarcl}^ the fearful aspect she presents in the zone of hur- 
ricanes and that of boundless snows. 

The variety of climatic phenomena, and the quiet way in which 
they follow one another, have made the temperate zone the best 
climate for the human race. The life of man is developed better 
than anywhere else in these regions, where the action of nature is 
produced energetically and regularly, and the forces proceeding from 
the eqimtor and those proceeding from the poles mingle with each 
other, increasing by their combination the number of their pheno- 
mena, and yet, i^itwithstanding, mutually diminishing the violence of 
their actidn. In consequence of the regular oscillation of their zone 
of contact, these forces bring about at the same time a condition of 
movement and equilibrium; man, to whom they have given the 
breath of life, may, by contemplating their alternations, perceive the 
immutable eternity of the laws which guide them, and the ever- 
varying appearance of the facts which spring from them. A still 
more impor^t fact is that man is constantly incited to labour, for 
notwithstanaing the beneficence of nature in these temperate re- 
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gions, it is only shown in modoraiio^, and to those who study and 
understand her. In the spring, the ground must bo cultivated in 



Fig 187 —Density of the population in Belgium. 


prospect of winter, and each season nunist be made a preparation for 
that which follows. Confident in the bounty of the earth, the la< 



Fig. 188 .— Denilt/i^ the poinilaUon In Qretoi. 


bourer learns to deprive himself of a part of the grain trhioh forms 
his veiy existence, hmowing that some day he will gath er a harvest 
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from it ; by incessant and su^essful efforts be acquires sbrewduess, 
knowledge, cheerfulness, and love of life. 

Therefore, in all the countries of the temperate zone which are 
blessed with a fertile, well-watered, healthy 8oil,%nd are provided 
with easy channels of communication, there has always been a nu- 
merous and increasing population, in spite of the wars, massacres, 
and invasions to which rival ambition has so often given rise. As 
far as Asia is concerned, the central part of the temperate region is 
the locality where we find that “rich central flower*' which by 
itself comprehends more than a quarter of the human race ; at the 
other extremity of the Old World, it is also towards the middle of 
the same zone, in Belgium, England, and northern France, that we 
find swarms of men living in the closest proximity to one another. 
Belgium is the country which has the largest population as com- 
pared to the whole world, and contains more than one inhabitant to 
each acre, or at least a quantity twenty times greater than the rest 
of the continent. Greece, which is one of the least populous 
countries of temperate Europe, is, however, in proportion three times 
more thickly populated than the whole of the dry land of the earth 
taken as a whole ; the comparative populations of the two countries 
may bo imagined from the two preceding maps, in which, according 
to a somewhat different system to that of M. Minard, the density of 
the inhabitants, for an equal surface, is made proportional to the 
number of squares. The space of 2050 miles in width compre- 
hended between the 25th and 26(h degree north latitude, which is 
not even a third of the continental surface, contains two- thirds of the 
pppulation of the globe, and this is .the tract of country where, in 
our time, the number of inhabitants is still increasing with the 
greatest rapidity. 
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CHAPTER XVI. 

INFLUENCE OF THE RAISED OUTLINE OF THE EARTH ON MANKIND. — 
TABLE-LANDS, MOUNTAINS, HILLS, AND PLAINS. 

Throughout the globe the inequalities in level of the various con- 
tinents have a singular influence upon climate, and, consequently 
also, modify in the most varied manner the destinies of nations. 
Instead of following one another regularly from the equator to the 
poles according to the lines of latitude, the zones of temperature in- 
tersect and rise one above another ; the surrounding conditions here 
and there are abruptly varied, and with these conditions the popula- 
tions also vary. 

Taking the mighty fabric of continents, there are some table-lands 
which are of the greatest importance in the history of mankind. 
Rising up in the midst of plains, with a system of mountains, rivers, 
and lakes peculiar to themselves, with a flora and fauna belonging 
exclusively to them, and a particular climate, always colder, and 
generally much drier, than that of the lower lands, table-lands offer 
the most difficult barrier to the migration of nations ; for the wide 
seas, formerly quite impassable, are now easily crossed by ships, and 
nations of the same origin settle on opposite shores, and become 
more and more united by voyages and commerce. Table-lands in 
cold or even temperate regions are not merely boundaries between 
nations ; numbers of them are, indeed, nothing but deserts on ac- 
count of the dryness of the soil, the rigour of the weather, the 
violence of the winds, and the snow-storms. In South America, 
travellers can never venture without danger on the table-lands of 
the Andos between Chili and the Argentine Republic; even in 
France the almost uninhabited camaea of L^vezon, Cavalerie, and 
S^v^rao are very dangerous to cross in winter-time, and not un- 
frequendy carriages are left there buried in the snow. Most of the 
table-lan^ of the torrid zone equally desert, owing to the dry- 
ness of the air and the soil, and also on account of the thick salinb 
beds with which the ground is covered ; but by ^ remarkable con*» 
toast, there are also certain table-lands which, in the region of in- 
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tensG heat, are the most favoucahly situated countries for the progress 
of man. Like rich hanging gardens, rising to a height of 8000| 
6000, or 8000 feet in the air, these table-lands bear on their marble 
or granite pillars a fragment as it were of the temperate zone, with 
its climate, its products, and its comparatively prosperous people. 
Thus, the table-land of Ethiopia, peopled by a race distinguished 
from all others in Africa for its intellect, dignity, bravery, attain- 
ments, and progress, rises like an oj^ormous citadel between the 
deserts of the west, the marshy valleys of the north and south, and 
the burning shores of the Red Sea. In the same way in America 
the great Peruvian table-land once inhabited by the Incas, the high 
lands of Granada, where the Muyscas and other Indian nations live, 
and the table-lands of Guatemala, Yucatan, and Anuhuac, are almost 
the only parts of the New World where original civilization has 
spontaneously developed itself, flowers which could not grow in any 
other soil, yet brutally torn up bj'’ the conquering Spaniard. 

Thus, it is according to the latitude, the rainfall, and the arrange- 
ment of the surrounding country, that table-lands have a favourable 
or unfavourable effect on the destinies of mankind ; on the one hand, 
as in the whole of central Asia especially, there are thinly-scattered 
and often nomadic populations, in quest of springs and streams of 
water and fertile meadows, and very frequently also engaged in ex- 
peditions of murder and pillage ; on the other hand, as in tropical 
America, there are comparatively peaceable nations, busied in 
agriculture, manufactures, and commerce, and gradually developing 
their autochthonous civilization. Mountains also exercise very dif- 
ferent influences on the inhabitants of their valleys, according to 
the altitude of the lands inhabited, their temperature, and other 
climatic conditions, the nature of the rocks, the aspect of the slopes, 
and the abundance of light. How great, in this respect, is the con- 
trast between the Italian valleys of the central Alps and the French 
valleys of the mountains of Dauphin^ ! The former are steeped in sun- 
shine, bathed by the blue waters of the great lakes, and open widely 
on to the verdant plains of Lombardy; from the summit of the 
headlandSi the villagers survey an immense horizon, exhibiting, as if 
in a perfect picture, the most charming varieties both of land and 
cultivation." On the contrary, in the dreary district of Valgodetnar, 
in the gloomy valleys of Divolny, the mountaineer s^es nothing 
around him but crumbling rocks, barren steeps, and scanty crops of 
barley or potatoes produced, as it were unwillingly, by the stony 
soil. During part of the winter the sun, which is hidden by the 
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high mountains rising to the south of Valgodemar, describes its 
daily course without the inhabitants of the valley seeing anything 
but its pale reflection on the distant summits ; and when it appears 
again in the happy days of spring they greet it as a divinity. The 
village of Andrieux, built as it is in a basin of the valley, remains 
for a hundred days hidden in the shade in the midst of the pale 
white snow ; therefore, who can express the joy which is felt when 
the imprisoned inhabitants, on the look-out ior the first ray, see it 
dart like a luminous arrow atove the crest of the forbidding moun- 
tains ! In the valleys of the Alps the shivering inhabitants have 
built nearly all their farm-houses on those slopes of the pasture- 
lands which are the best lighted by the sun. (See Fig. 190 ) 



PiR 189 — Valgodemtr 

Some no loss sti iking contrasts among the inhabitants themselves 
correspond to .the great diversities presented by the outline and 
trend of the mountains. The flnest race of men are found living in 
the high valleys and on the sides of the Caucasus ; most of the in- 
habitants of the Alps are also remarkable for strength and healthi 
and yet, notwithstanding this fact, Switzerland is the country which, 
in proportion to its size as comnared to the whole of Europe, has 4he 
largest number of cripples anu other infirm persons. CritiM may 
there be counted by thousands, just as in Savoy, the Pyrenees, and 
nearly all mountainous countries. Whatever may be the special 
cause or the various circumstances which predispose to eriUniim 
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and to the infirmities caused by goitre, whotbor it be the wfnt of 
aeration in the streams, the absence of iodine in the water which is 
drunk, or the rarity of the sun’s* appearance, still it is a fact that 
idiots and persons affected with goitre are to bo mot with much 
oftener in gloomy mountain-valleys than in open plains lighted by 
the sun, open to all winds, and watered by broad rivers. Even 
lately, many a village of Savoy, such as Bezel or Villard-Goitreux, 
had more than a third of the number of its inhabitants composed of 
idiots with deformed necks. According to Ouldas, a tenth part of 
the population of New Granada living in the narrow spaco between 
the wooded steeps of the high summits and the shores of the Mog- 
dalena and Cauca and their tributaries, are placed by the s^ 
malady of ci'^tinUmc outside the very pale of conscious humanity. 
Thus the most picturesque countries are sometimes inhabited by men 
in the most degraded state of existence. 


’-go 



Fig* 190.— Valley of the Plessnr. „ > 

Notwithstanding all the varieties exhibited in mountain-nations, 
it may be asserted in a general way that they are distinguished for 
courage and firmness. Their broad chest, containing lungs with 
in^re 'wple and numerous cellules than the lungs possessed by the 
inhabitant of plains, is filled with both a purer and a Imhter air;* 
their eyes, well accustomed to look down from some ^vated cUff 
into the depth of the valleys, and to discern afar off animals cower- 
* Aloide d'Orhigny, Jmmy in South AmmeUt yqI. iv*, p. 124* 
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ing the hollows of the rocks, are bold, and glitter with a piercing 
lustre ; their features are expressive, and their head nobly set on 
their dioulders ; with an even and quiet gait and a firm step they 
climb the steepest rocks and bound over the glaciers in pursuit of 
the chamois. Their daily toil is most laborious, and nothing but a 
courage and perseverance proof against every trial, enables them to 
obtain the food necessary for their support. In many spots the 
ground is so steep that it is imjiossiblo to make use of animals in 
cultivating it ; there are some mountaineers who plough the furrows 
with their own hands, and lay down manure to cover over the seed ; 
sometimes, even, they are obliged to carry on their shoulders the 
fertile mould brought down into the low grounds by torrents and 
avalanches. In winter they are besieged by snow, and blocked up 
in their houses so that frequently they are unable to go from village 
to village without peril of their lives. It is not, therefore, sur- 
prising that at the first approach ol]^cold weather they begin to 
think of leaving their homes and deseetiding towards the plains, 
which they speak of admiringly as ** level as floors.'* From every 
valley of the mountains of Auvergne, the Pyrenees, the Alps, the 
Apennines, the Caucasus, and the Atlas, troops of mountaineers 
come down each year ; some work for the agriculturists of the lower 
lands ; others follow some trade learned during the interminable 
leisure of past winters. Actuated by love for their far-distant 
family, no business comes amiss to them; they deny themselves 
every pleasure, and, greedily economizing the smallest gains, con- 
stantly labour to increase them. No genius is so full of resource as 
theirs, and by a sort of tacit agreement they have, throughout all 
Europe, distributed work among themselves, mutually sharing in the 
various itinerant trades. Among them, the pedlars each have their 
own peculiar line of business. There are some, like those of Venose 
in Oisans, who visit the largo towns with rare plants from their 
pastures or minerals from their rocks ; others sell tools, engravings, 
or coarse stuffs; and, lastly, there are some who, as thousands of 
Swiss recently were in the habit of doing before it was thought a 
scandal to their country, gave themselves up to the vile trade of 
becoming a soldier in the service of either enemy or friend. 

Nevertheless, although at the first approach of cold the xnoun- 
taineers emigrate in troops, |t.|i almost always with the intention of 
returning, like the swallows and storks. Villages which are neoify 
deserted during the snowy months, are peopled again in the epring^ 
and the petty tradesman of the plains sets himself courageously to 
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the hard work of cultivating the barren soil which covers the iwks. 
The high summits are too beautiful and too vividly impressed on his 
mind for him not to love them involuntarily as it were, and when far 
away from them he is always longing to see them again. In level 
countries, which he admires so much on account of the evenness of the 
ground, he looks back with affection to the sloping and rocky fields 
of his native land, the narrow meadows perched on the edge of pre- 
cipices, the white snow heaped up on the beds of rock, and the bright 
summits, which in the morning reflect the first gleam of dawn and 
in the evening are lit up by the last ray of the setting sun. The in^ 
habitant of level plateaux meets in his migrations with a nature like 
that in which he has lived all his childIiood,'and delighta in roaming 
over unlimited space, without oven thinking of the steppes where he 
was born ; but the mountaineer can never forgot his native valley 
which is all in all to him, and if he leaves it for ever he must be 
forced by the direst necessity. This love of country is the only 
reason why the people of the Caucasus, the Alps, and the Pyrenees, 
who arc, notwithstanding, so brave when they have to defend their 
native land, have never made any permanent conquests in neigh- 
bouring countries. After every victory they retire to their own 
narrow territories, separated from each other by transverse ridges of 
rock difficult to cross, and while they are dispersing, their vanquished 
enemies in the plain reconstitute themselves into powerful combina- 
tions. The pre-eminently victorious nations are those which inhabit 
monotonous plateaux or boundless low lands. The most extensive 
empire that ever existed was that of the Moguls ; it extended from 
the Vistula to the Yellow Sea, and from the Frozen to the Indian 
Ocean ; like swarms of locusts, the hordes became diminished in 
their course by battles and sickness, but none the less always kept 
marching straight on in their rage for massacring men and conquering 
territory. At the present time is not Russia the great invading 
power, and does ' a single year pass without her adding either the 
territory of a tribe or some fragment of a kingdom to her own 
enormous empire, already extending over the seventh part of the 
whole continental area ? 

Looking at the question in quite a general point of view, it may 
be said that the countries where the topographical outline acts most 
favourably on jhe nations which inhabit them, are the gently undu- 
lating lands of the temperate zone, where valleys well watered by 
streams and rivers alternate with hills, where the landscapes ore 
beautiful, though not with a wild beauty, and the oommunicatkms 
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are naturally easy. Tl^ largest part of France^ Oermanyi England, 
and the United States present exactly these oonditions, and that is 
one of the principal causes of the comparatively rapid progfress made* 
by the various peoples of these countries. Moreover, even in these 
lands where the raccL is renewed every day by the intermixture of 
families, where men and things are constantly mingling, and thoughts 
are speedily communicated from one place to another, it is easy to 
notice the contrast which is presented between the inhabitants of 
each region, according to the difference in the land and local climate. 
The people themselves never make a mistake, and are always able to 
mark out the frontier which separates two regions naturally divided. 
Thus, speaking only of France, the fact has often been recognized, 
that the outlines of the ancient Gallic jiagi corresponded pretty 
exactly with the barriers of the geological formations, and in our 
time most of these pagi would again become reconstructed if an ad- 
ministrative centralization did not imughly oppose the action of 
natural affinities. Every soil brings forth its own special race; 
granite, calcareous soils, and even the region of lavas and extinct 
craters, wide fertile valleys and the belt of marshes and of sands are 
all alike in this respect. The popular name given to each province 
applies both to the soil and to the man who inhabits it ; it explains 
and sums up the whole of the local geographical facts, and depicts 
the population itself with its physical features, its manners, habits, 
trade, and state of civilization. The natural harmony existing be- 
tween the land and the people is so striking, that when we speak 
of Touraine, Poitou, Auvergne, La Marche and Limousin, Saintonge 
and F^rigord, the Landes and Armagnac, we might almost fancy 
that we had before our eyes the aspect of those countries and the 
features of their inhabitants. 

This very variety, this contrast between different provinces, forms 
one of the most important elements in the strength and prosperity of 
a nation, provided that these oppositions are not too numerous, and 
that they do not produce a violent breaking up into fragments and 
mutual antagonism, but are of a character to blend into one superior 
unity. Granite, chalk, sandstone, gravel, barren clays, sloping hills, 
moorlands, and sands mingle their various influences on the popula- 
tions which inhabit them, and correct what may bo too monotonous 
in the mind and manners of "^hose who cultivate wide fertile plains. 
Agriculture may truly be said to be the mother of all civilizatkm ; 
labourers become att^hed to the soil from which th^ derive their 
own and their children^e food ; they detest wars which devastate their 
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fields like a storm, add burn doMm 0ie!r oottttges as if with fire from 
heaven ; pmtohing of the nature of the soil which they cultivate, 
they are stiibbom, patient, and qmet ; from father to son, and century 
after century,, they oppose violence and rage with a passive resistance 
which ultimately tires out the most energetic wills and vanquishes 
the proudest conquerors ; they battle with the very elements them- 
selves, and if a storm destroys their houses or a flood sweeps them 
away, they will resign themselves to famine, and depriving themselves 
of the com on which they feed, will courageously sow it in the too 
deceitful furrow. Those high qualities are among those which are 
the most necessary in the work of the formation of a nation ; but if 
the cultivators of the plains had not to undergo the various influences 
of the more restless populations of the hills, the table-lands, and sea- 
shores, further progress would ultimately become impossible for 
them * As regular in their habits as the seasons in their annual course, 
rooted, so to speak, to the soil like the plants they cultivate, a mere 
routine would be thoir only law, their only ideal would be immobility, 
and thoir only hope in the future would bo the maintenance of things 
as they were. 


Sec below, p. 214. 
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CHAPTER XVII. 

nrrLUiBNOE or the sea. add BTmNina wateA.— tkatellino and oouuebcial 

NATIOlfS.— ISLANDS AND IBLANDEB8. 

The ebb and flow of the waves exercise a great power of attraction 
on nearly all men, and must certainly be considered as adding a 
large portion to the population of sea- shores. Savages especially, 
who always obey their first instinct, yield readily lo the fascination 
which water exercises upon them. In the islands of the Southern 
Ocean, which are still peopled by Barbarous tribes, the sea-shore is 
the only inhabited part, and the villages form round the mountains 
of the interior a ring as regular as that of the banks of coral. It 
must be confessed that the islanders seek their food in the sea and 
on its shores, and the coast aflbrds them the greatest facilities for 
trade and communication. The numberless fish and molluscs which 
frequent the sea in the vicinity of most of the coasls form an abund- 
ant source of food, which legions of fishermen may draw upon 
without fear of exhausting it. The shore and the waters which wash 
it form the readiest ntoans of communication for the inhabitants, and 
allow them to go and exchange their fish for other commodities ; we 
have here the beginning of commerce, and the origin of the modern 
movement which spreads in all directions across both land and sea, 
laying hold of the riches scattered far and wide, and circulating them 
from one to another like, as it were, the life-blood of nations. 

These commercial facilities, which are enjoyed by the still bbrbar- 
ous people of many an island-coast, must exorcise the same influence 
to a much greater extent over civilized nations, always anxious to be 
in relation with one another by the interchange of news and com- 
modities. Thus the small islands of the West Indies, and the 
scattered isles in the Atlantic, as well as Mauritius and B^union in 
the Indian Ocean, are inhabited almost exclusively dn their outer 
edge; in many of th^ "lands the interior remained a lonjg time 
almost unknown^ although the colonists, coming for the moM part 
from colder countries, would have found it to their advantage to seek 
in the lofty valleys, and on the mountain-slopes, a climate similar 
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that of their natiTe land. In the same way, on the continent, con« 
siderabie populations are xnassed in the vicinity of the coast, and not 
imfrequently a line drawn from any central plateau to tho sea crosses 
regions increasing in population as it gets nearer the coast. In the 
interior of the country the people are in the habit of settling on the 
shores of lakes^ whion are, in fact, miniature oceans, or along the 
rivers and other watercourses, which the* Chinese so rightly call 
*^tho children of the sea.” Houses, gardens, and cultivated lands 
border continuously both banks of every large river in temperate 
Europe, and villages and towns are founded at every confluence 
where a tributary joins ftie principal watercourse ; thus, as is often 
said, the Seine, the Thames, j;he Khine, the Khdne, and the Loire 
are nothing but long moving streets, uniting one with another the 
fragments of the immense town which borders their banks from the 
source to the mouth. The lakes of Constance, Zurich, and Geneva 
are also surrounded by dwellings and gardens as though with a belt. 
Towards the eastern extremity of Lake Loman, from Vevey to Vil- 
leneuve, the chdicam^ hotels, and country-houses connect one village 
with another, so as to form one splendid city ; and certainly the 
beauty of the scenery, much more than the*ad vantages of navigation, 
is the point which has made this lovely shore one of the most fre- 
quented and populous parts of Europe. The beautiful view of the 
verdant headlands, of the white shores, and the blue Mediterranean, 
is the cause why the coast of Liguria for more than thirty-seven miles 
in length, from Savona to Genoa and from Genoa to Chiavari, has 
been covered with palaces and marble villas. 

Those who live immediately on the sea-shore, and from their 
dwellings can hear the noise of the waves, have generally a natural 
instinct to set sail upon them. The unlimitsA horizon which is 
spread before them inspires them with the love of space, and the 
never-ending succession of waves is constantly inducing them to rove 
over them. It must be confessed that when the coast is totally des- 
titute of ports, bordered by sand-banks and rocks, and exposed to all 
the force of the waves and storms, the sea-shore populations cannot 
have that instinctive soul of iron ** which leads them to embark 
eheerfuUy on the surge in mere rafts or frail canoes ; foreign nations, 
who are more &vour^ in the situation of their coasts and the tran- 
quillity of their sea, are the guides from whom they must 4eam the 
1^ of building «bip « and guiding them over the waves. On the 
otheir banfl, the inhabitants of coasts washed by waters which are 
nearly always still, and indented by harbours where vessels can take 
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refuge during a storm, give way to tHe instinct whicli attracts them 
to the sea, and the taste for travels and adventures is gradually 
developed. When the Spanish discoverers sailed for the first time 
along the coasts of Central America, they were surprised to meet with 
trading-canoes almost as large as their galleys,” and capable of 
carrying about fifty persons. And more than this, off the Peruvian 
coast the traders in jewels and stuffs were in the habit of venturing 
on mere rafts, and, allowing themselves to be carried along by the 
current and di’iven by the breeze, travelled hundreds of miles along 
the coast.* 

l^ext to the exceptional advantages afforded to maritime popula- 
tions by a large number of safe ports and a rarity of storms, the most 
favourable condition for the development of commerce and navigation 
among rising nations, is the vicinity of an island or archipelago, the 
dim outline of which is seen over the blue expanse of the sea, 
and invites from afar as if by some JO^crot magic. In the same way, 
the timid fledgling flies out from its nest to roach the nearest 
branch. The islands of the ^goan Sea were the mid-points which 
attracted the mariners from Asia Minor towards Greece ; and Cyprus 
appeared to the Phenicians as their first point of progress before they 
went out into the main sea. The island of Elba, hardly visible from 
the coasts of Tuscany, forms as it were one stage on the way to 
Corsica, the Balearic Isles, and the distant shores of Spain ; in the 
same way the white cliffs of Great Britain, which sometimes appear 
above the Channel like a floating mirage, were a constant fascination, 
BO to speak, to the inhabitants of the opposite shore, and this is the 
reason why, after having been so often invaded and conquered, she 
has ultimately become the principal commercial emporium of the 
whole world. Islands, those “ pearls of the sea,” are the features, to 
which the surface of the globe owes some of its most charming 
aspects; and, thanks to commerce, these islands are likewise the 
cause to which nations are indebted for a great part of their civiliza-^ 
tion. As Ritter loved to repeat, it is difficult to imagine how the 
course of history would have been changed if the islands of Greece, 
Sicily, and Great Britain had never formed a part of Europe. If 
the Aryan nations had been deprived of citadels of this kind in 
which they could, as it were, shut tSemselveB up, and so keep safely 
the treasures won by th^ intellectual and moral conquests, they 
would certainly never have attained the progress which has mad# 
the modem world what it is. Steeped in ancient barbarism, they 
* Pmeott.— Oiosr PMoliel, Aiukmd, Ko. 7, 1868. , 
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would have remained strangers to one another ; although the earth 
is so small, the whole of its oircumfereuco would never have become 
known, and mankind would still remain unconscious of its full power. 

Nevertheless, before the navigation of the main sea had connected 
one with another all the points on the surface of the globe, islands 
could not fill any important place in the history of mankind, unless 
they were situated in the immediate neighbourhood of a continent, 
and depending, so to speak, on a land with rich plains and a numer- 
ous population. Islands, standing alone far out in the sea, are like 
prisons or places of exile to the tribes which inhabit them ; even the* 
very facilities they ofier for voyages, the stimulus of the wind as it 
passes, blowing towards other countries, the fascinations of the 
waves with the mirage moving on them, the indistinct shapes appear- 
ing beyond the horizon calling to the mind’s eye happy regions far 
away, — all become a cause of inferiority as regards social develop- 
ment, for when the islanders leave their little country to visit some 
distant land, they seldom return to their native soil. The want of a 
centre of attraction round which the inhabitants can gravitate, keeps 
them in a state of isolation and primitive barbarism. Just ns in 
some of the lower organisms in which Ihe head is wanting, life is 
spread generally over the whole body ; but it is not concentrated in 
any one -part, and cannot be very intense. Thus it is that those 
wonderful isles of Oceania, so numerous, so beautiful, and possessing 
such a fertile soil and delightful climate, have remained beyond the 
pale of the civilization of the world ; scarcely two centuries ago they 
wore still almost entirely unknown. 

At the present time the regions best suited for tly) progress of 
mankind are, therefore, the wide continental plains which look out 
over the sea towards neighbouring islands and archipelagos. These 
fertile regions, which also, in most cases, have formerly been gulfs 
^now filled up with .marine or fluviatile alluvium, attract a numerous 
population. These countries with level soils are the spots in which 
agriculture developes itself, and the adjacent ports are those to which 
commerce is directed, where commodities are exchanged, and where 
men learn to know men and thought mingles with thought. Nearly 
all the mightiest cities are found^ on the points where the sea-shore 
and agricultural regions come in contact ; crowds gather there because 
tdl the great interests of humanity are there united. By a singular 
contrast, an agricultural population which is the most sedentary, and, 
its mode of life, no less regular than the return of the seasons, 
a^ disposed to be the greatest dave to routine, is often found in 
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immediate contact with the maritime class, the most unsettled, the 
quickest in action and the fondest of travels and adventures. , This 
juxtaposition of men so different in manners is one of the most import- 
ant facts in the history of human progress. 

There are maritime nations whose life is one continuous voyage, 
having made, as it were, the Ocean their home. Thus the Normans, 
who called themselves the “ kings of the sea,'' were in the habit of 
sailing from shore to shore, carrying with them terror and destruction 
and conquering nations as they passed along ; then re-embarking in 
their light vessels and crossing the vast tract of sea, they discovered 
the continent of America, which, after their time, remained five 
hundred years wholly unknown. A similar case is presented 
by the pirates of the Sunda archipelago, whose countless boats 
infest the waters of the Pacific, and who, although massacred in 
numbers, never cease to multiply as if they sprang from the waves. 
And whore do those who are bom on the shores of England pass the 
greater part of their lives ? On the dock, under the mast, amid the 
rigging and the waves, scanning the clouds and the blue sky. Mari- 
time peoples are always intrepid ; they engage in too many terrible con- 
flicts with storms, gusts of wind, and death under its thousand aspects, 
for them ever to tremble before their fellow-men ; they are endowed 
with coolness and perseverance, for their struggle against the elements 
must often bo a severe one ; and, in order to conquer nature in all 
its fury, they require the courage of reflection more than that of 
enthusiasm. Their ideas are calm and energetic, but commonplace 
like the sea they sail upon : they rarely suggest to them either grace 
or gentleness^but strength and sometimes violence ; as a child of the 
Ocean, the sailor presents in his life something like a reflection of 
the mighty billows on which he has been cradled since his infancy. 
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CHAPTER XVIII. 

BLENDING OF DIFFEBENT 0LI1IATBS.^THE INFLUENCE OF CIVILIZATION ON THE 
FEATURES OF A COUNTBT. 

Slch, then, in an entirely general point of view, are the influenoes 
of various eliinates on the populations which inhabit them ; such, 
too, are the ethnological contrasts produced by difference in zones, 
continental relief, aspect, and the nature of the soil. Nevertheless, 
those contrasts rarely present themselves in a distinct and decided 
manner ; it is impossible to trace out the boundaries between nations 
with a ruler and compass. The influence of winds and currents, the 
presence of inland seas, the gulfs and promontories of continents, the 
curves of the mountain-chains, and the eountless physical features of 
the earth, have a constant tendency to alter and intermingle the 
climates. In many cases even contrary forces tend to balance one 
another, and consequently the contrasts are weakened and die out. 
Thus, the ground is low in almost all the cold northern countries, 
and during the warm season it receives the whole salutary action of 
the sun ; the inhabitants of northern regions, therefore, resemble the 
mountaineers on account of the severity of the climate which surrounds 
them, and the people of the plains on account of their low country. 
Further south, the mountaineer of the temperate or even the torrid 
zone may call himself a northerner because he lives in the midst of 
snow, or a southerner because the rays of the sim descend to him from 
the zenith*and districts of exuberant richness lie spread before him 
at his feet. In the same way, if the peak on which he dwells rises 
from the midst of the sea, he may also be called a child of the Ocean, 
and his character will certainly exhibit some striking contrasts to 
that of the inhabitant of a mountain situated far in the interior of a 
continent. The endless vexieties in water, air, and situatiop, and the 
more or less rapid vibration of luminous and magnetic waves, are 
oonatantly modifying the general aspect of nature. Every province, 
elty, and hamlet has its own peculiar climate, and this climate again 
has nothing permanent about it, and varies every moment. All 
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climatic facts demonstrated by observation blend into one another, 
and consequently it is impossible to judge of their action on nations 
except from an entirely general point of view. 

And this is not all ; nations do not rest for ever on the soil where 
they were born, but between them and their neighbours there is 
always taking place a more or less active interchange of isolated 
individuals and of families ; sometimes, indeed, nations are forcibly 
united by conquerors who transplant whole peoples ; or else, the 
vanquished go and seek a new country beyond the seas or mountains 
in a totally different climate. In this case the climatic forces come 
into action and modify the primitive type of the man thus removed from 
his native soil, and substitute for him a new type more in conformity 
with the nature which surrounds him. This struggle between the 
past and present, between men and climate, and not the account of 
the battles of armies and the crimes of kings, are the facts which 
constitute real history, that is to say, fiio evolution of man in his con- 
nection with the globe. • 

Moreover, even if nations do not change their country nor inter- 
mingle with other nations, their wants and habits become modified 
with the various changes in the state of society, and consequently 
the influence of the nature which surrounds them varies century 
by century. Thus great forests, where the number of inhabitants 
depends totally on the quantity of game, are no longer suitable to 
man when he becomes an agriculturist ; trees fall under the axe, and 
the continually widening clearings are filled with oom-fields; 
the climate changes and reacts on the populations who crowd into 
the cleared areas. The reclamation for cultivation of steppes, low 
and marsh}*^ lands, and all formerly desert regions, also results in 
modifying the surroundings and the people who live there. The 
great navigable rivers, with their whole network of streams and 
canals, are scarcely made use of by uncivilized tribes, and, only 
to adduce one instance, the immense river of the Amazont, the most 
magnificent track for commerce possessed by the interior of any con* 
tinent, has soiMely during past centuries exercised any appreciable 
influence on ikia development of civilization among the populationa 
on its banks.* By moans of trade, rivers on the contrary become to 
civilized nations the princip^ material agents of progress, until the 
creation of more rapid and ai^cial ways of oommunication have lately 
diminished the comparative importance of the roads afforded by naWe. 
We find villages grouped along the great highways, ’even when ihe 
* Ofotr Pesoliel, Amhnd, 1S6S. ^ 
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latter do not run through the middle of the valleys but traverse 
plateaux exposed to the wind and destitute of the water necessary 
for ule ; occasionally, indeed, the whole road seems converted into 
one long street, every peasant desiring to live on the line along which 
foreign traders pass. Railways, also, have their part in the move- 
ment of population, and each station becomes an attractive centre * 
round which all the inhabitants crowd. Beds of metallic ores, deposits 
of coal, marble, gypsum, salt, and other riches contained in the earth, 
are also, according to the state of civilization, treasures either un- 
known or neglected, and are elements either useless or of the highest 
importance in history. California, a district almost unknown five-and« 
twenty years ago, has, owing to its gold-mines, become one of the 
greatest centres of activity on the surface of the globe. 



FlS> 191 — VlUasM of Aliermont. 

Even the raised outline and the general disposition of countries 
may be in turn either useful or dii^vantageous according to the 
various epochs in the life of nations. Thus the barbarous peoples 
which preceded us on the soil of Gaul and the other countries of 
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Europe^ took refuge in oayes among tke rocks, or built their huts on 
piles driren into the bed of some lake. Subsequently, when ^ con- 
tinual war of ambuscades and massacres between neighbouring*^tiibeB 
had given place to a somewhat less troubled state of society, the 
troglodytes came down one after another from their gloomy caves ; 
* the lake dwellers left their unhealthy roosting-places and settled 
on terra firma under the shade of the wide-spreading trees; the 
water of the lakes, which formerly protected them from all attacks, 
had now become a danger to them by separating them from the land 
where they found the means of existence. During the terrible iron 
ages ‘of feudal life, the groat lords erected their castles like vultures* 
nests on the summits of impregnable rocks, grouping the humble 
cabins of the peasants at the foot of their lofty ramparts ; the towns 
themselves no less than the castles were confined to the crest of some 
declivity very difficult of access. At that time the primordial care 
being that of defence, each group df habitations was placed at the 
summit of some lonely peak, surrounded by walls and bristling with 
towers. In the south of France, in Spain, on the coasts of Liguria, 
in Tuscany and Sicily, nearly all the old villages are perched up on 
the heights, and looked at from below, their crumbling walls resemble 
fantastic escarpments of the rock ; the houses built up on the outer 
rampart have no windows but the narrow defensive loop-holes ; the 
comer buildings are battlemented and machicolated towers furnished 
with portcullises ; the church built on the highest point forms also 
the citadel of the village. But in modern times the first require- 
ment is that of labour ; the inhabitants, therefore, abandon one after 
the other their eagle-like eyries and go and settle on the sea-shore, 
the banks of some river, or the edge of the roads which pass through 
the plain. Like those sea-animals which get rid of a shell that has 
become too small for them, they emerge from their picturesque 
turrets and build themselves 4wellings, less beautiful perhaps as a 
detail in the landscape, but much more healthy and comfort- 
able# 

Even in the least civilized countries of Eurqpe the towns have 
been transposed from their lofty summits and have been establidied 
near the sea-coast. On the northern coast of Sirily, every marina 
increases at the expense of ihe horgo^ and the old town ultimately 
becomes a qdendid mhCrSang like a mass of rocks on the crest of 
the lofty mountains. There are still, however, towns oontaKning 
several thousand of inhabitants situated on mountain-ridges far aliove 
any cultivated lands ; thus, in Sicily we have Monte San-Oiiiliiin^ 
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and Oentorbi. The former, built on Mount Eryx, formerly eaored 
to Yenus, occupies a narrow plateau 2300 feet aboye the sea and the 
plains of Trapani. The town Oentorbi commands the plain at a 
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height of more than 3280 feet. The inhabitants who cultivate the 
fields lying at the foot of the mountain are obliged every day to go 
up and down an endless fiight of steps winding in among the rocks 
and hemmed in by precipices. In front, on the other side of the 
valley of the Simeto, and at the edge of a stream of lava which has 
nin down from Mount Etna, stand the mansions of Ademo. The 
clouds which float across from town to town traverse this space in a 
few minutes ; standing on the edge of the cliff of Centorbi, one may 
even inhale the perfumes of the gardens on the opposite terrace ; but 
to accomplish the distance separating the two localities the time, 
needed is as great, or greater, than that required to travel from Paris 
to the Belgian frontiers or to the coasts of the Channel. It is evident 
that a state of things like this must shortly be altered. The 
citizens, who shut themselves up every day within their ancient wall- 
ed inclosures, need not now feel any dread in establishing themselvsni 
in the midst of tracts of Vud at present uninhabited. The steep- 
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ness of the escarpments and the difficulty of access^ which wero 
formerly esteemed by them as a privilege when their life was one 
continual terror, ought henceforth to appear, that which they are in 
reality, a most disadvantageous loss of time and a deplorable cause 
for an inferiority in civilization. The summits of lofty mountains 
will no longer be favourite sites for the building of towns, until 
man has become a lord of the air by being able to steer balloons, and 
until the most favourable landing-places for him are peaks and 
ridges. 

These successive changes in the more or less considerable adapta- 
tion of the earth to the nations inhabiting it, take place no less in 
respect to the outline of the continents themselves than in the trifling 
details of local topography. Thus, the numerous bays which run 
into the coast of Europe, and the peninsulas which project in every 
direction, and contribute so largely in giving to the people of this 
part of the world the first character in^istory, are constantly losing 
in comparative importance, in proportion as the inland ways of rapid 
communication increase ; it may even be asserted, that in all coun- 
tries now intersected by railwa3’'s the indentations of the coast, once 
BO useful, owing to the natural water-ways they presented for naviga- 
tion, have become an obstacle ruther than an advantage. Thus, 
until lately, great commercial ports were necessarily fixed at the 
land-side of the hollow formed by the shores of a gulf, or else on 
the bonks of the estuaries which run the deepest into the continent ; 
for this position enabled them to receive, by the shortest possible road, 
the largest possible quantity of commodities and mcr^andise from 
neighbouring countries. In our time, owing to the rapid means of 
communication, this is no longer the case, and maritime commerce 
tends more and more to take for its starting-place ports situated at 
the extremity of a peninsula. Every historical progress, therefore, 
changes the relation of man to the earth which he treads, and con- 
sequently the influence of his surroundings is incessantly being 
modified. 
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CHAPTER XIX. 

THE OOUBBB OF HIBTOBT.— HABMONT EXISTING BETWEEN OOtTNTBIEB AND THE 
NATIONS INHABITING THEM, 

It is the duty of historians to relate the course of nations across 
continents and islands, and to point out the incessant action exercised 
upon them by soil and climate. Every mountain, every headland, 
every islet, every lake, river, or rivulet plays its part in the history 
of mankind. Nevertheless, the earth itself and the events which 
have taken place upon it are too littl^ known for it to be possible 
yet to attempt a detailed description of the harmony existing between 
the human race and the globe during past centuries; it is only 
possible to point out the chief features of the part which the prin- 
cipal regions of the globe have taken in the development of nations. 

The vast and compactly formed continent of Africa has not afforded 
its inhabitants the opportunity of forming relations with other 
populations of the globe ; in the north only, the Berber tribes occu- 
pying the slope of the Atlas facing the Mediterranean, and separated 
from tho rest of Africa by the groat desert, 'have been associated in a 
slight degree with the movements of European civilizations. With 
regard to Egypt, whose influence has been so great over Greece and 
the eastern world, it must be considered as forming a little world by 
itself, to which the remainder of the continent was as an unknown 
land. In the vast inaccessible area of equatorial Africa, men were 
bom and died 'generation after generation, without knowing that 
other men like themselves lived beyond the boundaries of their 
country ; in their view the entire universe was comprised within the 
limits of their horizon. Favoured by constant heat and fertile lands, 
they had not sufficient ambition, and did not tax their ingenuity to 
render their life more easy. Left to their own resources, they lived 
as their ancestors had lived ; during the course of centuries, therefore^ 
civilization could make but imperceptible progress among them. 
Almost up to the present time, as is well known, most of the inhabit* 
ants of Africa, belonging to totally different races, Oaffirs, Hottentote^ 
OongoB, Mozambiques, Achantis, Peuls, and Yolofs, have remained in 
a state bordering <m primitive barbarism. 
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The numerous archipelagos scattered over the Pacific Ocean must^ 
on account of their dispersion^ have been as unfavourable tg tl^e 
rapid progress of their inhabitants as was the enormous pile, ef 
Africa, on the other side of the world. Previous to the discoveries 
of modem navigators every island in the Southern Ocean was a small 
separate world, where, owing to the fertility of the soil and the 
beauty of the scenery, a rudimentary society was developed ; more- 
over, the facility afforded for navigation in these seas, which are 
generally smooth and swept by regular wi^ds, enabled the migration 
of tribes to take place to a very considerable extent. But no sooner 
were those new connections formed than the old ones were broken 
off ; the savages who had repaired to their frosh country were for 
ever separated from the former one. In consequence of the fatal 
isolation of the various groups of people, no great mutual interest and 
no idea in common can link together all the tribes of the Pacific. 
This portion of mankind imprisoned, a^it were, in the different islands, 
has remained broken into fragments never destined to be reunited. 

In the east of Asia the inhabitants of the coast of China and the 
islands of Japan were more fortunate than the islanders of the 
Southern Sea. In these countries of the Old World the fathers 
could at least bequeath to their children their industrial skill and 
their acquirements ; tribes could unite with tribes, and nation could 
instruct nation. The “central flower of the earth,'' that region 
vast enough to maintain himdreds of millions of inhabitants, is also 
in possession of numerous privileges ; it slopes gently towards the 
sea, it is watered by wide navigable rivers, its sea-coast is indented 
by bays and promontories, and its temperate climate incites to 
labour by a regular alternation of seasons and crops. The insular 
part of tUs region is composed of an archipelago of several thousands 
of isles, and islets are grouped round the larger tracts of land ; the 
communication between these islands and the continent itself is 
always easy. Thus the peoples of China and Japan have, by their 
own inherent energy, attained to a very advanced state of culture, 
and for a long series of centuries they were probably the foremost 
among mankind in respect to agriculture, commerce, trade, and 
practical philosophy. This civilization in the extreme east had, 
however, no outlets except towards the almost solitary tracts of the 
Pacific Oeeon. On this sid<;nhe access to other continents and other 
nations was closed to the m^uence of the yellow race, and savants 
have cogent reasons for doubting the fact that, during the oouzao of 
historic ages, any Chinese emissaries ever crossed the Southern ^Ooean 
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8 iDd oarried into iho land of Fu-sang, now called Mexico and Ghiate* 
malai their religioni mannersi and architecture. 

Hie tracts of land which extend obliquely aoroft the Old World 
from Oeylon and the banks of the Ganges to the British archipelago, 
owe to the favourable form of their outline and the harmonious iiB- 
tribution of their mountains advantages as great as, but different 
from, those of China and Japan. Descending from the plateau of 
Pamir and the circumjacent districts towards Hindoston, Baotriana, 
and Asia Minor, the Aryan race did not become divided into corn* 
pletely isolated nations. In spite of the lofty mountain-chains of 
Soliman-Dagh and Hindoo-Eoosh, in spite of the salt plateaux of 
Persia ipd the cross ridges of Elbury, Ararat, and Tatirus, the com- 
munications between adjacent countries were never interrupted, and 
the industrial and moral attainments of the people did not remain 
absolute secrets to their neighbours. Whilst each peculiar mode of 
civilization was "worked out in its own special domain, it profited 
from those which were springing up afar off on other plateaux or on 
other plains ; the myths and the songs of India, bequeathed by the 
ancient Aryans, were known to the Persians, and the thoughts of 
Persia flowed back to the Hindoos ; lastly, tbo religion and pbilosophy 
of both one and the other, modified in thoir passage through time 
and space, were mingled and blended with the civilization of the 
Semitic nations, the Chaldeans, the Fhcenicians, the Jews, and the 
Carthaginians. 

On the shores of the Mediterranean, the two oountries of Egypt 
and Asia Minor, which bound the eastern part of this great sea, are 
the principal representatives of the first era in western civilization. 
In these two countries the state of society exhibited the most opposite 
contrasts in consequence of the variety of races, manners, and climate ; 
but wars, commerce, travels, extensive migrations, aigid lastly, science, 
were constantly tending to connect* the two poles in the world’s 
civilizaticai. The union of the two contrary elements commenced in 
the beautiful country of Greece, and then advanced further on to 
Crete and the Cyclades, as if to serve as a rendezvous for the ships of 
Eg3rpt, Phoenicia, Cyprus, Ephesus, and Troas. The ideal of all that 
the ancient communities had dreamt of as the great and the beautiM 
was realized in the little peninsula of Hellas, an harmonious oomhm«* 
ation of mountains, deqi valleys, and peninsulas scarcely notioeafale 
on our maps, and yet the part the earth where, up to our time, the 
gloxy of man shone forth in its greatest s^endour. Nowhere else oil 
Ihe &oe of the globe 4I068 the ea^ assume forms so faarmanious, 
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so to speaki so liying. The inomitamB, although of no great height^ 
exhibit an outline of such great beautyj that thej still retain jbheir' 
celebrity by the tide of the giants of the Alps, Andes, and HiuiiH 
layas; and the names of Monte-Rosa, Antisana, and Gaurisankar, 
will never perhaps shine out with the sanie glory as those of Findari 
Citheron, Parnassus, and Olympus, the abode of the gods. On a 
diminutive scale, the small country of GrOeco exhibits, as it were, a 
summary of all continental features ; it has its plateaux, its piles of 
rock, its mountain-ranges, its yalleys and plains, visible and invisible 
watercourses, lakes, and gulfs ; the ancients indeed wont so far as to 
find there both heaven and hell. Its shores are curved into so many 
gulfs and bays, that the terminal peninsula resembles a denoted leaf 
floating on the waters. Every city had its river, an amphitheatre of'**' 
hills or mountains, fertile fields, and an outlet towards the sea ; every 
element necessary for the free association of men was there combined, 
and the neighbourhood of rival citio^, equally favoured, kept up a 
constant spirit of emulation. Thus there never has been seen in the 
world any groups of republics so proud and so favourable for individual 
scope of ambition. The little town, rendered illustrious by jiEschylus, 
Sophocles, Phidias, Demosthenes, Plato, and many other men of 
genius, is still, after a lapse of more than two thousand years, the 
bright centre of historj’’. 

At the time when the IZellenic republics were at the zenith of 
thdir glory local civilizations sprang up in Italy, Sicily, Iberia, and 
Gaul. In consequeBce of the geographical position of these 
countries, all the intellectual and moral conquests of Greece and the 
East turned to their profit. By small degrees, and century after 
century, an irresistible march of ideas continued its course from the 
plains of Hindostan to those of western Europe. The revolutions in 
the history of modem nations are well known ; we know also how, 
after having succeeded in passing through, without extinction, the 
long and gloomy night of the middle ages, mankind was ^^bom 
again,” owing to a twofold discovery which gave the societies of 
modem times a definitive scope of action. Whilst poets, scholar^ 
and men of science were recognizing in the treasures of antiquity 
the free thought of Gbeece and the incisive genius of Bome, 
OolusEfbus and other navigators were discovering the two continents 
of America, end ^us Qpia|ileting the equiliMuin of the globe* 
From that time the gradual civilization of all nations was assuiipdlt 
both by science and justice, in spite of violence of a}l kinds, 
and hideous ignorance. The progress of each nation beuame that of 
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mankind itself ; all the islands and all the continents once separated 
from one another were united across the Ocean and became the com- 
mon domain of man. • At the very time when, owing to the dis- 
Ooveries of Copernicus, Eepler, and others, the earth, which was sup- 
posed to be limitless, was found out to be nothing more than an 
isolated globe, revolving in space, and no longer the centre of the 
universe, the inhabitants of this inconsiderable planet began to feel 
the consciousness of th^ own greatness, and out of this mass of 
nations and tribes one common humanity began to assert itself. 

In consequence of that movement of civilization which, in the 
Old World, spread from east to west, following the course of the 
sun, the ports of Western Europe, Cadi/, Lisbon, Bordeaux, Nantes, 
Saint-Malo, London,* Bristol, and Liverj)ool, are like so many con- 
ductors from which the electric fluid flashes forth to croi^s the seas 
to the American continent. But there the movement thust neces- 
sarily change its direction. The New Woild is not, like all groat* 
historic countries, placed in a parallel line with the equator ; but, on 
the contrary, it extends fiom north to south in the direction of 
the meridian, and, thanks to this transversal position, European 
emigrants have been enabled rapidly to colonize' the lands recently 
discovered. Italian, Spanish, Portuguese, French, English, and 
Dutch navigators all found, both to the north and south of the 
equatorial line, regions with a climate similar to that of their native 
land, and in both zones they were able to found a '‘New Spain,*' 
a "New France," and a "New England.** Added to this, both 
winds and currents cross the Atlantic obliquely, and bear the 
mariner towards those wondrous regions of the Antilles and Colum- 
bia, where nature, notwithstanding the heat of the climate, exorcises 
BO great a fascination over European strangers. « 

Emigrants from the Old World have thus established themselve^ 
all along the coast of the new continent for a length of more than 
6000 miles, from the estuary of St Lawrence to that of La Plata. 
At the same time, the breaks in the chains of the Cordilleras in the 
isthmus of Central America enabled emigrants to colonize the west- 
ern shores, also those which face towards China, Japan, and Aus- 
tralia. Thus invading the whole length of both continents, the new 
oomers have been able to go on and conquer th© interior of America ; 
thejIn^hetTe made themselves acquainted with its vertical outline, with 
its eoSs and with its products, and these are now better known than 
the features of a great part of the Old "World, ^and they hare 
fooildeil in these but latdy unexplored regions societies allied to 
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those of western ’^Europe. The jchildren of the emigrants have be- 
come nations, the power of which has prodigiously augmented when 
compared to the progress of the mother-coiftitry. In these virgin 
countries, population, manufacture, commerce, public riches, all in- 
crease with unheard-of rapidity, and it is an important fact in the 
opinion of some that the United States of America, to some extent 
disentangled from the oppressive institutions of ancient Europe, 
govern themselves by free democracies. The Utopias ’’ of the Old 
World have become realities in the New World. America is the 
laboratory where the European ideal is brought into practical action 
for the public good. 

The two Americas present a harmonious counterpoise as regards 
their continental masses, and in a social i)oint of view exhibit a 
contrast which may bo compared to that of their shapes. The 
northern portion, situated between Europe and China, is admirably 
organized to serve as a great thoroufihfarc for nations and merchan- 
dise travelling from the far east to the extreme west. Through 
it now passes the Pacific railway, w'hich continues on terra Jinna 
the line of steam-boats which, on one side, run between Now York 
and Liverpool, and on the other between Shanghai and San-Frun- 
cisco. In the interior of the northern continent, the inland system 
of groat lakes and the gently undulating plains of the Mississippi 
afibrd to commerce aod colonization facilities unequalled in any 
other part of the world. Nevertheless, the population which forms 
the United States iK almost entirely composed of emigrants of 
European descent, and, unfortunately, it has not as yet been able to 
blend either with the aborigines or with the race of slaves imported 
from Africa. 

South America is a continent of a more maritime character, and 
its ports, opening on the great southern seas, serve as intermediate 
landing-places in voyages of circumnavigation. In the interior 
trade and colonization find a province less favourable than that 
of the northern continent; the mountains there are loftier, the 
plateaux rise more steeply, the forests are more difficult to cross, 
the deserts are more inhospitable, and the climate is more to be 
dreaded by emigrants from distant Europe. Thus, the South 
Americans have suffered more than their northern rivals from the 
influence of their surroundings. Without relinquishing their 
brotherhood with the nations of the Old World, they have gradually 
become minglec^with the natives, and this fusion of races has been 
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the means of introducing those who were once savages into the 
sphere of modem civilization. 

Korth America may be more European, more characteristic, and 
more active in its character, but South America addresses itself 
more to the whole human race : to her belongs the honour of having 
invited many a still barbarous tribe into the great unity of nations. 
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BOOK IV.— THE WORK OF MAN. 


CHAPTER XX. 

REACTION OF MAN ON NATURE. — EXPLORATION OF THE GLOBE. — VOYAOEB 
OF DISCOVERY. — ASCENTS OP MOUNTAINS. 

While society was in its infancy /non^ clllicr alone or grouped in 
small tribes, bad to fight against obstacles too numerous for them 
ever to dream of apjiropriating the surface of the earth as their own 
personal domain ; they lived on it, certainly, but they timidly con- 
cealed themselves in its recesses like the wild beasts of the forest ; 
and their very life was a constant struggle ; being continually threat- 
ened either with famine or massacre, they were unable to devote any 
attention to the exploration of the country in which they lived, and 
those laws which would have enabled them to utilize the forces of 
nature were still unknown to them. Still, in proportion as nations 
became developed in intellect and liberty, they learned to exercise a 
coimteracting agency on that outer world, to the influence of which 
they had passively submitted ; they gradually approjiriated to them- '• 
selves the soil on w'hich they trod, and having become by dint of 
association actual geological workers, they altered in various ways 
the surface of continents, changed the system of running waters, 
modified the very climates themselves, and shifted the habitat of the 
different faunas and floras. Among the works which animals of a 
lower order have accomplished on the earth, the islets built up by 
the coral-animal*%iay, it is true, be compared with the works of man 
as regards their extent ; but those constructions ore uniformly con- 
tinued o6ntury after century, and never add a new feature to the 
general physiognomy of tnh globe ; we always find similar kinds of 
reefis and similar tracts of land, emerging from the ocean like beds 
of fluviatile or manne alluvium ; whilst the works of man are in- 
cessantly being modified and give the greatest diversity of aspect to 
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tte earth’s surface, renovating, it, So to speak, with every fresh ad* 
vanco of his race in knowledge and experience. 

The principal of all the conditions which will some day enable 
man to completely transform the surface of the globe, is that he 
must become fully and entirely acquainted with it and traverse it in 
every direction. Formerly, the savage or barbarous tribes, living 
entirely separate from one another, formed nothing but chimerical 
ideas as to the territories lying beyond the harrow boundaries of 
their own country; they fancied they saw there nothing but an 
emply and limitless space, a gloomy and formidable world peopled 
by monsters, but where man himself could not live. All the most 
remarkable features on the surface of the globe romaingd utterly un- 
known to them ; the inhabitants of the plains imagined the whole 
earth to be one great level tract of land, whilst those of mountainous 
regions pictured it to themselves as a succession of narrow gorges, 
cliffs, and summits. In the same way it appears that the Zunis, 
who lived far from the soa-coast in the deserts now called New 
Mexico, wore ignorant of the very existence of the ocean ; on the 
other hand, numbers of the islanders of the South Sea were totally 
unaware that vast continental masses, extending over an area of 
many thousands of miles, divided tbe seas into separate basins. Ac- 
cording to the testimony of Franklin, the Esquimaux learned with 
astonishment, that towards the south lands existed perfectly free 
from ice, and under the equator the ignorant inhabitants of the 
banks of the Amazon* innocently imagine that their enormous river 
flows all round the world. 

In proportion as, by means of trade, travel, and even warlike 
expeditions, nations came to know the territories belonging to one 
another, they banished the idea of monsters into the mysterious 
spaces extending beyond the boundaries of the explored world ; the 
sphere of knowledge increased simultaneously with the regions 
traversed, and the fanciful beings, such as gnomes or giants, who 
were supposed to retreat either towards the north or the south, bore 
away with them many of those superstitions and erroneous ideas. 
Thus the Greeks, who are represented to us by their mythology, as 
contending in the earliest ages against eentaurs and dragons, in the 
thne of Aristotle and Plato fought only with men like themselves ; 
and they localized the fantastic figments of their childish imagination 
at points many hundreds 'of days’ journey away on the other side of 
the Ganges and the columns of Hercules, in th^ burning deserts of 
Libya or near the Hyperborean mountains. Thus, in the middle agel|| 



230 


LIFE. 


and even down to modem times^^oA^ maps of the worlds like those of 
the Chinese and the Japanese, represented all unknown lands - as. 
inhabited by monsters ; but every new discovery made by travellers 
contracted the domain of fable, and quite recently the last mythical 
beings of geography, tho tailed Niam-Niams, have finally been made 
to disappear from the centre of Africa. 

Since the time when man first went round the world, that is to 
say, three centuries and a half ago, explorers have no longer had to 
venture into any region completely unknown : all they had to do was 
to connect with one another the lines of travel already traced out on 
tho surface of the globe. This network of innumerable intersecting 
lines covers qearly tho whole of the groat continental masses and 
extends over all that portion of the sea comprehended between the 
two polar circles ; only towards tho north polo, and on the opposite 
side of the earth in the antarctic regions, there still exist areas 
extending over a space of 2,900,000 ^and 8,700,000 square miles 
respectively, which icebergs and mountains of ice have, up to the 
present time, kept intact from any exploration.* Those spaces which 
still have to be explored at the two poles form nearly one seven- 
teenth part of the surface of the earth, that is to say, a tract equal 
to about sixty times the area of France ; in those regions there is 
still a very considerable extent of unexplored land and sea, and even 
in our days a few pusillanimous geographers have expressed a fear 
that these districts will remain for ever unknown. Captain Cook, 
the brave navigator of the Frozen Antarctic Ocean, asserted that no 
one had or even could approach any nearer to the pole than he had 
done. Pigafetta, also, in his account of the great voyage which he 
took with Magellan, gives as his opinion, “ that in the future no 
sailor would be bold enough to brave the dangers and fatigues of 
another circumnavigation of the world.” It must certainly be 
confessed that fifty-six years elapsed before another sailor, Drake, 
brought to a happy termination a second voyage round tho world ; 
in tho present time nothing is thought of such voyages, so often are 
they accomplished.f 

The energy with which the explorers of the polar regions have 
undertaken and are always ready to recommence their perilous 
voyages acfoss the ice is a sure guarantee of their future succesS ; 
for though the obstacles rema^ the same, the experience of sailors 
and the resofiroes of science are ever increasing. The disooveries 

* PetermanHf 1B68. , 

t Osotf Psfohel, GiichichU dtr £rkimd$. 
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wliicli have still to be made in the centres of the vast continents of 
Asia, Africa, South America, and Australia, cannot fail to bo accom- 
plished before very long ; for most of the difficulties which impede 
travoUors are of the moral order, and will gradually disappear, thanks 
to the progress of commerce and civilization. The horrible trade 
which mokes the white man so justly abhorred in the centre of 
Africa, as well as in the basin of the Amazon, will soon come to an 
end ; the tribes once appeased will welcome the explorers and supply 
them with guides ; groups of colonists, advancing by stages across 
continents, will form links of connection between the districts in- 
habited by civilized races. Every year, the spaces of land we still 
have to examine and trace upon our maps are diminishing in size, 
and hundreds of heroes, numbers of whom are destined to die in 
obscurity, are still further endeavouring to narrow them. The most 
extensive surface which up to the present time has remained untrod- 
den by the feet of European explorers, is that part of the African 
continent which is comprised between the sources of the Nile, the 
Congo, the Ogobai, and the Benue. 

When man at last becomes acquainted with the whole surface of 
the globe of which ho styles himself the master, when Columbus’ 
saying is realized, '' El mundo es poco” (the world is small 1) the great 
geographical work will then be, not to explore distant lands, but 
to thoroughly study every detail of the country which wo inhabit, to 
make ourselves acquainted with every river and every raount|iin, and 
to point out the part taken by each portion of the terrestrial organism 
in the life of the whole. This work, at the present time, is the task 
to which most of our savants, geographers, geologists, and meteoro- 
logists are specially devoting themselves, and important societies are 
being formed in every direction in order to push on local explorations. 
These societies address themselves most of all to the mountains which 
rear their glittering summits far above populated slopes, where no 
mortal foot has yet surmounted the snow. Every year several of 
these hitherto inviolate peaks are successfully scaled by travellers, 
who point out to their friends the road they must follow in order to 
surmount them ; these small spots elevated into the glacial region^ of 
the air can no longer escape the investigations of man any more than 
the vast tracts in the arctic and antarctic zones. The English may 
lay the chief claim to the honour of having given the first impulse 
to the desire for ei^loring so many lofty summits. It is now a 
hundred and twenty-five years since Pocock and Wyndham dis- 
covered, so to speak, Mont Blanc. Since that memorable epoch 
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individuals of the English nation are still those who, surpassing in zeal 
and intrepidity the very inhabitants of the Swiss Alps, and even the 
Savoyard, Italian, and French mountaineers, have made the most 
frequent ascents of Mont Blanc and the other giants of the Alps ; 
it is the English, too, who have investigated with the greatest ardour 
the Mcr-de-Glace and the various glaciers of the western continents, 
and have explained to us the actual toi)ography of the almost 
unknown rangers of Pelvoux, Qrand-Paraclis, and Yiso ; it is thej^, 
too, who, by the foundalion of the first Alpine Club, hare since given 
rise to a great number of societies of the same kind in the difierent 
countries of Europe. Lastly, they have just established at Lahore a 
' “Himalaya Club,” in the liopc of being able some day to surmount 
in turn all the lofty summits of Central Asia, which are double the 
height of the European giants. 
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cnAPTER xxr. 

EECLAMATIUN OP THE EARTH BY CULTIVATION. — ANCIENT AND MODERN 
lURiaATION. 

Long before man had made the soil of the earth liis own by soioiwe ' 
he had commenced to adapt it to his use by cultivation. The varfoW^ 
tribes of hunters and fishermen, like the nomad shepherds, did nothing 
to modify the aspect of the earth, and if their race had become 
extinct, no vestige of them would have pointed out their existence 
on the surface of any continent ; but as soon as families permanently 
settled down whore vegetables might bo grown for food, and learnt 
how to plant trees and to sow seeds and fruits, the work of transform- 
ation was inaugurated. Every spot of the earth where plants use- 
ful to man, such as cereals and fruit-trees, had taken the place of 
other vegetable products which were cut down by the axe or cleared 
by burning, has become a centre lound which cultivation has spread 
from place to place, till in the present time, thanks to the hundreds of 
millions of men who unceasingly labour in order to draw out the pro- 
ductive forces of the earth, immense tracts have completely lost their 
primitive aspect. The total extent cultivated by the hand of man, 
and divided into fields with regular boundaries, may be* estimated at 
2900 million acres, that is to say, about one tenth part of the con- 
tinental surface. It must be confessed that by far the greatest part 
of this vast tract of land is worked rather by a system of extortion 
than properly brought into cultivation. 

In countries which possess soils of a naturally salubrious and 
fertile nature, and are not yet inhabited by a numerous population, 
selection is the only difficulty experienced by the agriculturists, and 
the soil which they cultivate is of that kind which produces abund- 
antly without any need of fertilizmg it by manures. Thus, in the 
United States, where there are more than 8G0 million acres of 
unoccupied ground still at the disposal of the citizens, the colonists 
cultivate little else but alluvial plains, the land bordering rivers, 
and valleys watered by running streams. On the other hand, in the 
countries of the ancient world, where the crowded population is 
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beginning to feel tlie want of rich soil, a great variety of soils, which, 
anywhero else would be despised as unfruitful, is made to form a part 
of the domain of agriculture, and sooner or later becomes covered 
with crops. There is no soil that man, impelled by necessity, and 
having at his disposal the enormous resources which arc afforded him 
by the combined efforts of science and industry, cannot transform 
into fertile fields: by means of drainage, ho draws off the hurtful 
water which chills the earth and rots the roots of plants ; by means 
of irrigation he brings on the land at the proper time the water 
necessary for the development of sap and tissues ; by moans of 
manure he enriches the soil and nourishes the growing plants ; and 
by these and other improvements he changes the nature of the very 
soil. Agriculture, which was formerly carried on quite at random, 
is tending more and more to become a science, and it will become a 
perfect science when the laws of cheiqistry, natural philosophy, 
meteorology, and natural history are thoroughly understood. 

Among the great agricultural undertakings already accomplished 
solely through the sheer perseverance of tlio peasant, without even 
the assistance of the resources of modern skill, there are some which 
are truly admirable. For example, what could be more wonderful 
than the hillocks on the banks of the Moselle and the Rhine, or the 
hills of Provence, Liguria, and Tuscany, which, from the base to the 
summit, are encircled by wide concentric stages, each of which are 
covered wdth crops of vines, olive-trees, or corn P The pickaxe and 
spade have broken up the loose rocks, and the debris have been used 
to construct this huge staircase of walls, each of which, like tho 
terrace of a ‘garden, keeps back the vegetable soil and prevents it 
from crumbling down the declivity of tho rock. Should a storm 
breaking over the mountain overthrow their walls and devastate 
their pieces of ground, next day tho peasants are to be seen hard at 
work reconstructing the stages, while others — and the women 
generally perform this task — toil up from the foot of the mountain 
bringing back basket-full by basket-full the precious mould which 
had been carried away by the storm. How contemptible the cele- 
brated hanging gardens of Babylon must appear when compared 
with these prodigious monuments of human labour I 
” The slopes of tho Mediterronenii volcanoes also present remarkabl^ 
instances of what may be done by the persevering will of the culti- 
vator. On the very sides of Etna, the summit of which rises far 
into the region of perpetual snow, more than 300,000 inhabitants 
|iave their abodes. The soil of tho fields, which are shaded by mvl^ 
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titudes of fruit-trees, is composed of nothing but lava and ashes ; but 
hard and daily work has transformed it into a garden which is the 
wonder of Sicily. The peasants set stubbornly to work at crery 
rook, and stop by step have reclaimed them and transformed their 
rough uneven surface into vegetable soil. When the mountain 
breaks forth into an eruption, and vomits out lava over the crops 
and the villages, agricultural labour is merely stopped for a time. 
Families religiously preserve their rights of property, just as if the 
property itself had not disappeared ; then after the lapse of few or 
many years, as soon as the cooled lava is covered here and there with 
patches of lichens, the agriculturist sets to work in order to utilizO 
the smallest crevices of the rock which offer facilities for vegetation.' 
Certain compact lavas, particularly that which destroyed a portion'of 
Catania in 1669, can only be broken up by a singularly slow process, 
and in order to cultivate the upper layer of the scoria during the 
course of the same century, it was necessary to pulverize them and 
mix them with fertile mould ; nevertheless, industry ultimately suc- 
ceeded, and gardeners planted there shoots of the cactus, which grew 
up very quickly and hid the reddish-coloured earth behind the im- 
penetrable thickets of their thorny leaves, which shine in the sun 
with a metallic brilliancy. Fig-trees creeping along the ground 
insinuate their long roots into the interstices of the rocks. In certain 
spots even the vine thrives and bears fruit on these hard scorim, 
which look almost like blocks of iron. Other kinds of lava, on 
account of the friability of their texture, and the quantity of ashes 
which are blown on to them by the wind, are adapted for a rudiment- 
ary kind of cultivation in the space of a few years. Of this kind are 
the lava-flows of Zafiarana, which burst from the bosom of the earth 
in 1852 and 1853 ; in the hollows the inhabitants of the villages 
planted some brooms and furze within five years after the eruption.* 
But whether the scorias of lava be either friable or hard, they will 
nevertheless ultimately become transformed into vineyards and 
gardens. As persevering as the ants, who seem never weary in re- 
building the heaps destroyed by the feet of those who walk over 
them, the peasants of Mount Etna begin again from centm;y to 
century their persevering work, and after every flow of stone which 
^covers their fields, they lay out new meadows no less verdant than 
the gardens which had disappeared. 

Among all the agricultural works which have changed the aspect 
of the earth, channels of irrigation are those which, in past ages, 
* Charla LyeU, XyamactioM, 1658. 
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have been the most magnificently planned and carried out. The 
Egj^ptians, blocked up by the sand of the desort, and setting their 
hearts, so to speak, upon the miifl of tho Nile from which they be- 
lieved their ancestors had sprung, made irrigation one of their great 
sacred rites ; ‘their reservoirs which were dug out for tho manage- 
ment of the flood- waters must have required as much labour as the 
useless ostentatious pyramids.* In Lombardy and Tuscany, also, the 
general irrigation of the country, under the direction of syndicates, 
was practised with great skill, and the grandest names both of artists 
and savants, such as Leonardo da Vinci, Michael Angelo, Galileo, 
and Torricelli, arc associated with the history of this portion of the 
art of agriculture. In the present time this work is being carried 
on with groat acti\ity in all the countries of tho south of Europe, 
and in many other regions of tho world which arc liable to* suffer 
from aridity, lieforo they emerge on to the plains, nearly all the 
mountain-streams of Piedmont, Pro vend*!,, Poussillon, and Mediter- 
ranean Spain, are almost entirely drawn off on to the tielda, and only 
during showers or tho melting of the snow the stony beds are 
filled up with muddy water which the thirsty land very soon 
absorbs. Great rivers, such as the Po, the Nile, and the Durance, 
which are utilized for irrigation, diminish in quantity of water every 
year ; and if the ambition of agriculturists is realized, they will ulti- 
mately disappear altogether. Love the engineer, is desirous that all 
the rivers of France should be done away with as soon as possible, 
by drawing off the tributaries at their source, and by shutting them 
up in channels for irrigation, so that they should be made to follow 
all the windings of the ground, f 

Moreover, at the present day we are no longer contented with 
surface-water for the moistening of the earth. By means of boring, 
man seeks to obtain the water which flows in the depths of the earth, 
and to force it up to tho surface in order to irrigate his plantations : 
this has been most successfully carried out in Algeria, either with a 
view of increasing tho extent of existing oases or to create fresh 
ones; no doubt this operation might likewise succood in other 
countries where underground streams arc hidden beneath the arid 
soil. And this is not all ; that water which is diverted from its 
natural course or is madp to gush forth from the bowels of the earth, ^ 
acts upon plants not only by supplying them with the necessary 
moisture, but also by means of the various fertilizing matters and 

^ * Seo in T!!# EaHh the chapter entitled, 

t Sooi£t6 dee Ing6nieun ci>ili, J)uicour$ iinavguratUm^ du lit Janrier, 1868. 
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manures which it carries along with it. On the fields over which it 
flows it spreads the alluvium derived from formations of different 
natures, and thus tends to blend various soils, a process which is very 
advantageous for vegetation ; by the process of ‘‘ warping ” it changes 
naturally poor ground and renders it excellent for cultivation. Thus, 
by skilfully directed jets of water, the Californian miners wash 
down high banks of sand or gravel in order to coUect the particles of 
gold carried along in the stream, and in the same way in tlio Pyrenees 
numbers of rocky clifls might bo broken up into debris and bo con- 
veyed into “ warping ” channels so as to spread them in the form of 
an alluvium, no less precious than gold, over the barren sands of the 
Landes. This idea of Duponchel the engineer is certainly no more 
fancy. M. Bazalgette has lately proved how far the attempt might 
be made to bring into being, as if by enchantment, tracts of fertile 
meadows on the unalloyed sands of the sea-shore, when watered by 
sewage brought from London more than 40 miles distant. Liebig, 
the chemist, asserts that the naked sea-shore is incapable of pro- 
ducing a single blade of grass, and yet for all that it is now yielding 
every year six or seven cuttings of nutritive rye-grass.* 

♦ M. Pieclus is e\i(lcnlly confusing the sewage farm in the Dai king marshes with the 
hitliorto abortive plan of recluimiiig by means of the Loudon sewage the sauds on the Essex 
coast. — (Tr.) 
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CnAPTER XXII. 

* THE CULTUEE OP MARSHES.— DRAINAGE OP THE GROUND IN THE COUNTRY 

AND TOWNS. 

By means of irrigation, the agriculturist succeeds in reclaiming 
arid tracts of land, such as the sands of the Landes, the elays of the 
marshes, and rocky cliffs ; by means of drainage, he adapts to his use 
flooded lands which had never produced anything, and converts it 
into the most fertile soil, and the name of “ nursery-gardener '' is 
now applied to those gardeners who, in"* the vicinity of our large 
towns, are able to make the largest quantity of vegetable substance 
spring from the smallest area of ground. Every advance which man- 
kind has made either in Italy, the plains of France and Germany, on 
the saturated soil of Bata^na, or in Great Britain, would have been 
impossible but for the draining and sanitary improvement of the 
ground ; every spot where civilization has partially retrograded, as 
may be seen round Carthage, Syracuse, and Rome, is marked by fresh 
encroachments made by marshes once reclaimed. At the present 
time, when the work of colonization is carried out on so large a scale, 
the principal work of the pioneers in Mitidja, on the shores of the 
Mississippi, on the coasts of Columbia, the Guianas, and Brazil, in the 
Sunda Isles, and on the coast of Africa, is to consolidate the soil and 
to purify the air, so as to add a fresh domain to those which mankind 
has already fully appropriated. This is a work which costs a con- 
siderable number of lives every year : in many a plain now rich with 
harvests the number of peaceful agriculturists who have perished in 
their toil is greater than that of the soldiers who have fallen on fields 
of carnage, such as Leipzig or Sadowa ; but everything gives way 
before patience, and sooner or later, thanks to the increase of the 
human race, to the progress of its industry, and to the combination 
of its forces, the marshy banks of the Amazon, the lagoons of 
Paraguay, the wet districts of Ldfke Tchad, and the Sunderbunds of 
the Gkinges and Bramahpootra will ultimately become healthy 
countries. In all climates alike this work of improving the earth is 
being carried on. In Norway, where the area of arable land was in 
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1866 only 1000 square miles, the agriculturists are now reclaiming 
every year 40 square miles of the marshes and fjords.* 

At the present time the plan proposed by scientific men is nothing 
less than that of establishing below the surface of the ground a 
circulatory movement of waters, analogous to that which is naturally 
taking place in the air and on the surface of the earth by means of 
(ilouds and rivers. The water rises from the sea in the form of vapour, 
and floating through space is precipitated in the shape of rain and 
returns towards the Ocean through streams and rivers ; but this 
water which is flowing down towards the great reservoir of the sea, 
is on its way appropriated by the agriculturist, who divides it into 
channels and then into small streamlets for irrigation, and these are 
distributed not only on low-lying fields, but also on the sides of hills 
and mountains and oven over high plateaux. The water, thus being 
divided into innumerable branches, sinks into the soil over the whole 
surface of the district, where, like a second rain, it refreshes and 
nourishes the roots of the plants. Its work of usefulness is then 
terminated, for if it remain for any length of time in the ground its 
action will become fatal to vegetation ; it will drown and rot the 
small rootlets and close up the pores through which the outer air 
penetrates. 

Thus, irrigation may be fatal where the subsoil does not possess, 
like the surface, a perfect system of channels relieving the ground of 
any superabundant moisture. The water filters drop by drop into 
the small drainage pipes, then the difibrent streamlets unite into one 
larger drain, and gradually increasing in its course, the invisible 
rivulet flows from pipe to pipe, and discharges either into a river or 
into the sea. Such is the immense work of subterranean drainage 
which agriculturists are now undertaking in a multitude of localities ; 
and the result is that all the hydrological and climatic conditions of 
the soil are slowly but surely modified. The damp countries of civil- 
ized Europe, especially Qreat Britain, are the places where the 
di'ainage o£> land is carried on to the greatest extent ; in England 
alone the length of all the drain-pipes placed end to end must be 
estimated at not less than 6,200,000 miles or 250 times the circum- 
ference of the earth. Unfortunately the conflict of private interests 
and the lack of enterprise and wide views in most of the proprietors 
of the soil, have prevented this work being accomplished according 
to any general plan ; each one works at it in his own field without 
troubling himself about his neighbour, and too oftox these partial 
* Frisch, KitiK$Uungm von JPgtermannj xi. 1806 . 
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systems of drainage result in swelling the streams and changing the 
lands situated below them into marshes. Sooner or later the immense 
undertaking involved in the aeration and drainage of the soil will 
have to be systematically recommenced so as to bo adapted to tho 
whole area of every fluviatilo biu^in. Then and then only shall we 
be able to com2)are tho artificial syhtcni of drainage with the natural 
network of running streams ; tho whole of tho partial circulation 
established in each country by human labour will correspond with 
the general circulation produced in the air and on the ground by the 
rotation of the globe. 

Large towns especially are the chief places w'hcro subterranean 
drainage has in our time begun to be carried on in the most system- 
atic manner. It is well known that rivers and streams of i)uro water 
are used in our towns as recejdacles for all kinds of filth. If, 
for instance, we take London, that gre^it city consisting of more than 
three hundred thousand houses, and containing more than three 
millions of inhabitants, which is connected by endless streets to 
numbers of rising suburban towns, which seem to increase under 
your very view, and if w(' pass down tho marshy banks of the wide 
Thames, which flows between such immense swarms of humanity, 
we shall sec how that nation of the world, who knows best how to 
appreciate nature, also pollutes her. At tho ebb of the tide when the 
current of the river, with its slow and dark stream, flows on towards 
the sea, beds of semi-liquid mud filled with jmtrifying rubbish are 
gradually laid bare, emitting into the air their nauseous exhalations : 
inspircnl by a sentiment of instinctive disgust, one is almost suri)rihcd 
to see the blue sky and the clouds reflected in these beds of moist 
filth. At the flow of the tide when the body of water, being arrested 
in its progress, gradually rises and ascends the Thames, the islands 
of mud cease to be visible, but most of the unclean rubbish which 
has been borne down by the ebb is again carried up by the flow of 
the tide ; a kind of to and fro motion is constantly shifting these 
impurities up and down stream under the eyes and zsdsos of tho 
inhabitants. *1^ 

This is the mode in which the groat river Is pollutod ; f the rivulet’s 
and even the small streams which fall into the Thamos, after having 
flowed through a portion of^ dhe province now become Loudon, have 

* See below, p. 2^2. 

t The whole of the last paragraph was evidently written without any oognizanoo of tho 
present system of I^ndon drainage. Altliough this system is os yet only partiully oompletod, 
the state of things described by M. U^clus is now much modified (Tr.) 
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long ago disappeared under the streets and the houses, and are become 
nothing but sewers. That which has taken place* in the vast English 
city has been equally the case in all the spots where mon are most 
densely accumulated; Paris has thus changed the Dievre, which 
flows down to it so pure from the hills round Versailles, into a mere 
ditch of liquid filth ; sometimes, when the water is low in the Seine, 
a solid mass of impurity may bo extracted from the liquid, equal to 
nearly a fortieth part of the whole flow of the river. Everywhere 
we find that the groups of men, whom rivers have drawn to their 
banks, have commenced by polluting the water, and have often 
rendered it unfit for drinking purposes or even altogf*thor injurious 
to health. The forcible and gross names, which the inhabitants of 
the South of France have given to most of the rivulets which flow 
through their great towns, give us some indication of the hideous 
state of uncleanlincss which these streams have now attained. 

Having thus deprived themselves of the drinking water which 
nature had placed at their disposal, although the (jiiantity would, 
indeed, in most cases have been insufficient, the inhabitants of many 
towns have been compt'llcd to replace thorn by spring-water or 
streams artificially conveyed to them at great expense. This is ono 
of the principal problems which we have to resolve in respect to the 
well-being of the rapidly increasing populations which are crowded 
in our groat cities. In former days mighty Rome, who made the 
conquered nations of the whole earth work in her behalf, diverted, by 
moans of aqueducts, the water running from all the adjacent moun- 
toins and made it flow down into her public squares, where it jetted 
out in abundant streams from a multitude of fountains, and was col- 
lected in wide basins. At the present day, there are very few modem 
towns which receive a quantity of water so considerable, compara- 
tively speaking, as that whffih flowed into ancient Rome ; most young 
and rising cities, growing as it were at random, have not, in their 
foolishness, as yet understood what arc their most imperious require- 
ments, and* are still deficient in the necessary supply of water. 
Their attention is, however, being more and more awakened as to 
this point, and the nineteenth century will not close before most of 
our large towns are abundantly provided with all the water necessary 
both for drinking purposes and for cleanliness. Tlie hydraulic works 
of this description which have boon already undertaken round Mar- 
seilles, Paris, Glasgow, Now York, and Chicago, exceed all that the 
Romans haye done in this respect, not by their beauty as works of 
art, but by, the length and capacity of the aqueducts, and especially 
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by the skill with which the engineers have succeeded in ovorconling 
natural obstacles. New York is built upon an island. No matter ! 
.Pure water is made to flow into it from the mainland passing over 
the Hudson through a gigantic arched syphon ; Chicago is built at 
the mouth of a marshy river and by the side of a lake, the water of 
which is constantly polluted by the ships anchored along its shores. 
No matter ! Chicago draws its waler at a point a mile and a half 
from the shore by means of a large tunnel dug under the bed of 
Lake Michigan ; it requires a submarine stream for its daily drink- 
ing-water ! 

With regard to the discharge of sewage water — a point scarcely if at 
all less requisite than the supply of pure water — London, the greatest 
city in the world, is the one which has become the model city in this 
respect. The total length of its sewers is 80 miles, and they have 
been built large enough to carry aw<!y from the town 2300 millions 
of cubic yards of water and filth every 2 1 hours, that is about 28,000 
cubic yards a second, a larger body of water than the Mississippi 
pours do\^’7i on an average towards the Gulf of Mexico. But the 
efiect of these subterranean rivers is not merely to draw oflT the 
sewage water, which until lately tainted the Thames; they will soon, 
by means of irrigation, spread over more than 148,000 acres, at a 
distance of 40 miles from London, and will produce grass enough to 
supply the requirements of 100,000 mileh-eows, many more indeed 
than is necessary to provide butter and milk for the whole of the 
immense city. Thus,** stati's the report of the Board of IToalth, 

completing the great circle of life, death, and reproduction.** Ijike 
some prodigious animated being, Ijondon is incessantly absorbing 
water by its aqueducts, and food and commodities b}’' its railways ; 
and the refuse, w'hich it rejects and carries far away through its 
sewers, is made available for reconstitutin'^ the nourishment necessary 
for its enormous appetite. 
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CHAPTER XXIII. 

THE DHAININO op lakes and inlets of the sea. — THE LAKE COPAIS, THE 

LAKE OP PUCINO, THE SEA OP HAARLEM, THE ZUYDEE ZEE. — POLDEllS. — 

THE PUKIFIUATION OP SALINE MAESHES. 

Emboldened by tbo reclamation of marsby lands, agriculture wished 
for more ; its next requirement was to take possession of the beds of 
lakes, and of low grounds occasionally covered by the sea-water. 
From the earliest antiquity great works of this kind have been un- 
dertaken ; twenty-two centuries ago, in the time of Alexander the 
Great, Krates the engineer devoted himself to the task of entirely 
emptying the lake of Copais, in Boc*otia. During a long series of 
dry years this basin was often reduced to a few pools of marshy 
water, and tiny rivulets crept over the plain between the reeds and 
rushes; but, on the contrary, in rainy seasons it was a fine lake 
with an area of several millions of acres, and was constantly swelled 
by the torrents which came down from Helicon and the other moun- 
tains in the vicinity. The water was separated from the sea by a 
wide rampart of calcareous rocks, and found no means of outlet ex- 
cept by certain deep fissures or katarothra. Krates straightened 
these so as to facilitate the flow of the water ; but since this epoch 
they have become again obstructed, and the projects which have 
been formed in later days for restoring the work of the ancient 
Greeks have been all in vain. 

Modem engineering skill has been more fortunate on the soil of 
Italy in resuming and finishing a groat work of drainage which the 
Romans were not able to bring to a happy conclusion. The lake of 
Fucino, situated fifty miles to the east of Rome, near the towns of 
Avezzano and Gelano, occupies the centre of a circular range of hills 
in the Apennines, formed like a orator, the slopes of which are 
covered with dwellings and cultivated fields. Sometimes floods in- 
undated all the coimtry round, and destroyed the crops ; and after- 
wards, when the water ran off, the air was filled with poisonous 
miasmas; the difference between the levels shown during high 
floods and at low water was not less than thirty-nine feet. During 

2 
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the reign of Claudius, thirty thousand slaves worked for eleven 
years in digging out a channel 6151 feet in length across Monte 
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Stihiano, in order to draw off tlie largest poition of the water into 
tlie Lins, and thence into tlie sea It was fully belie\cd that the 
work had been happilj achieved so as to last for centuries, like the 
tunnel, about one- third the ubo^e-namcd length, which had been 
dug more than four hundred ycais before fiom the lake Albano, 
near Rome. All that now remained to bo done was to ojien the 
flood-gates The emperor, vain as cruel, had prepared a splendid 
fete upon the lake ; nineteen thousand gladiators, embarked in two 
opposing fleets, wore to figure before him in order to celebrate the 
inauguration of the canaL *'The slaughter took place, but when the 
order was given to empty the lake, the water, mixeif as it was with 
blood, tefused to flow out. Narcissus and some other courtiers, en- 
riched at the expense of the public treasury, had doubtless kept back 
the money which was necessary to complete the works of coneoUd*^ 
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tion. liater, at different periods, the canal was cleaned out, and 
rendered a certain amount of service at times. At last, in 1854, the 
works were energetically resumed, the outlet was enlarged, and a 
mass of water amounting to more than a thousand millions of cubic 
yards, which the lake contained above the level of the tunnel, 
was emptied out, the marsh fevers ceased their ravages, and cul- 
tivation gradually advanced towards the centre of the former lake- 
basin. 

Among the great modern undertakings in the way of drainage, 
the most important, on account of the obstacles which had to be 
overcome, and also of the prospect which has been derived from it, 
is, however, that which has entirely recovered and added to the 
mainland the whole bed of the lake known by the name of the Sea 
of Haarlem. This lake, as it appears, began to form in the 13th 
century, and since that date continued constantly to increase at the 
expense of the ouliivated land and villages surrounding it. In the 
IGth century it had acquired the dimensions of a sea, and naval 
combats were fought on its waters, between the Hutch and the 
Spaniards. Everj" great tempest added to its extent, and during the 
winter of. 1830 a violent west wind caused it to reach the very gates 
of Amsterdam. The banks round it, which wore kept up at a great 
expense, were of no avail in holding back the water which rose in- 
cessantly. Then it was that, looking forward to imminent danger 
caused by the encroachments of the 8oa of Haarlem, the resolution 
was come to to endeavour to drain it dry. It was thirteen miles 
long and six miles broad, with an average depth of thirteen feet, 
and contained a body of water estimated at 950 millions of cubic 
yards. In addition to this, it was also necessary to reckon on the 
water resulting from infiltration and from rainfall, which would 
make its way into the lake during the time whilst the drainage 
operations lasted ; this was estimated at about 260 millions of cubic 
yards of water. In 1852 this immense work was completed, and 
throe enormous steam-engines, pumping together at each stroke of 
the piston as much as 200 cubic yards of water, had discharged the 
whole of the Sea of Haarlem into the Ocean. At the present time 
the only work the steam-engines have to do is to clear the former 
basin of the lake from the water accruing by infiltration and rain- 
fall, or, during the dry seasons, to furnish the water necessary for 
irrigation. In fact, the soil at the bed of the lake, having been for 
BO long a time deprived both of air and sun, could only be gradually 
changed into arable ground capable of absorbing easily the rain 
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water, and giving it back in the shape of vapour. It was necessary, 
says an author, to bring machinery to its aid, in order “ to complete 
its education.*'* The clayey and peaty bed of the lake, which, since 
the process of emptying out and draining had sunl^ about eleven 
inches, is now changed into fine cultivated lands, and the public 
wealth of Ilolland has been thereby increased to a very great ex- 
tent. The emptpng and drainage works cost £1,320,000 ; but the 
polders,'** the appearance of which, it must bo confessed, is singu- 
larly wanting in the picturesque, already represent a value of over 
£ 0 , 000 , 000 . 



Pig. IM.-The **Folden** of Uwrlem. 

Is not, however, the greater part of Ilolland notMng but a vast 
sea of Haarlem, which the energetic and persevering people of the 
Low Countries, by their labour, continued from age to age, have 


* £. Marzj, p. 23d. 
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succeeded at last in laying dry P The very sight of the level soil, 
every clod of which has been so often turned over and over, and of 
the defensive dikes which divide the country into an infinite number 
of parcels, shows how an entire nation — in conflict with nature, and 
acting somewhat in the mode of a geological force, never ceasing for 
generations in its endeavours towards this great work — ^has suc- 
ceeded in reconquering the soil of the country, and rendering it fit 
for cultivation. It is probable that sooner or latc'r the vast gulf of 
the Zuyder Zee will be also recovered from the Ocean. This work 
would certainly have been commenced, but for the fact that the 
greatest part of the bed of this gulf consists of fine sand, which is 
difiicult to bring into cultivation. 

The ground reclaimed centuries back, either from the sea or from 
marshes, does not present any geometrical regularity in the network 
of its canals and draining channels. In former times the engineers 
were not so bold as they are in the present day, and in the formation 
of their canals utilized all the small natural watercourses and passed 
round all the scarcely dried rising grounds in such a way, that their 
ditches assume a winding and sometimes wavy line. As a whole, 
this network of intersecting liquid veins presents a form somewhat 
analogo\is to the great and small vessels which follow out their 
ramifications in organized bodies. The land more recently reclaimed 
does not show in its system of drainage these meandering and 
picturesque linos ; it is cut across by its canals with a mathematical 
regularity. At regular intervals rectilinear and parallel canals have 
boon dug, which extend from one end to the other of the whole space 
enclosed by the dikes. These canals are crossed at right angles by 
main arteries of the same width, and thus the whole country is 
divided into groat parallelograms, which are again subdivided into 
small parcels of land by narrower canals and ditches, both equally 
rectilinear; the farmer is obliged to use boats either to visit his 
farm, to carry his manure, or load back his crops. All round this 
va«A chess-board of cultivated ground extends the canal which sur- 
rounds it and receives the drainage water of the polder ^ being pro- 
tected by strongly made dikes against inundations coming both from 
without and within. At one time it was the wind which was 
employed to raise the surplus water of the polder y and discharge 
it directly or* by means of canals into some one of the rivers of 
Holland. The drainage pumps #&re worked by those picturesque 
windmills which the Dutch painters exhibit to us in all their land^ 
scapes ; but at the present time the larger poUerSy for which it ie 
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indispensable to assure a constant and regular flow of drainage, are 
provided with steam- engines which incessantly pour water into the 
outside canal. 

When the lakes which have to bo dried up are so deep that it is 
impossible to reclaim them for cultivation by mere ditches and 
canals, the only course left is either to emjjty them boldly as the 
Sea of Ilaarlem was emptied, or else it is necessary to work for 
centuries in elevating above the surface of the water certain small 
islets wliich will ultimately bo joined one to another. The brave 
agriculturists of the Low Countries, feeling that the lapse of ages 
made thoin one with their descendants, did not shrink from under- 
taking this task, wliich would some day be completed by their grand- 
children. In the lirst place, they made dikes round the banks of the 
lowlands, which they could drain with comparative ease, and after- 
wards, when the alluvium had caused a^bod of mud to show itself 
above the water, they lost no time in taking possession of it, and in 
raising and draining it, giving to it an elongated form which would 
subsequently facilitate the labour of digging canals when the pool 
was changed into a poldvr. Several generations beforehand they 
foresaw what would he the general arrangement of the laud, which at 
present lies under water, and every shovel-full of mud that was "brought 
up from the bed of the pool, every pile that was driven down into the 
ooze, was made to take its part in the continuation of the work. Wo 
ore enabled to form some idea of the wonderful patience and method- 
ical spirit with which the fanners of the Netherlands carry on their 
labours if we travel over the Zuyder polders^ and numerous other 
districts w'hich arc now fields, although still in part consisting of 
lakes. The houses in tho villages arc built in a long circular street 
on the top of the dikes which surround the lake, and the fields, 
divided by canals, spread out like the sticks of a fan round the centre 
of a sheet of water. According, however, to the outline of the lacus- 
trine and marshy spots w^hich are subjected to the operation of drain- 
age, the polders assume other shapes of equal regularity ; they ftrm 
squares, stars, and concentric polygons. If seen from a balloon, some 
parts of Holland, with the innumerable grey lines of their ditches 
and canals, would recall vaguely to the mind^s eye the surface 
of certain chemical bodies crystallized in radiating or parallel 
needles. The astonishing regularity of the landscape is undisturbed, 
save by the masses of buildings the large towns, the parks which 
sarround them, and the roads and railways crossing the canals in an 
oblique direction as they emerge from the cities. 
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The Dutch are so much accustomed to recover land by means of 
canalization, that they often go to woiL in the same May in cases 
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where the ground might have boon brought under cultivation by 
other processes ; and even in the tropical climate of Java, they have 
transformed the environs of their cities into small editions of Holland. 
On the east of the Low Countries, the inhabitants of Friesland, 
Ditmarsh, and Schleswig have had*to come in conflict with the same 
diffioulties, and, like the Dutch, have been able to triumph over them, 
and to convert into polden vast tracts of inundated ground. On the- 
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east coast of England, the shores of Suffolk and of NorfoUc, the 
estuaries of the Wash and the Humber are bordered by fens of very . 
great fertility ; and the encroachments of agriculture on the Ocean- 
domain take place in these districts on a very extensive scale. In the 
same way, in Belgian and French Flanders, in the neighbourhood of 
Ostend, Dunkirk, and Calais, the waitcringhes have been reclaimed 
from the North Sea. Near Etaplcs, the inland sea of Ponthicu or 
Marquenterro has been changed into fine cultivated fields ; and 
between the mouths of the Loire and the Charente the marsh-lands 
are everywhere protected by dikes and intersected by ditches which 
arc crossed by the country- people, both male and female, by means 
of their long Icaping-polcs. To the south of the Gironde there are 
also some “ small imitations of Flanders,’’ and in the Landes the 
Lake of Orx has been rcccntl}' drained by the same kind of operation 
as that adopted in the Sea of Haarlem. 

In Holland and all the other countries bordc'ringon the North Sea 
it is only necessary to throw up dikes round, and to drain the marshy 
tracts by the sca-shorc, and they will bo converted into fertile fields, 
fit after a few years for any crops which the eliinate allows. On the 
coasts of the Mediterranean, Caspian, and other seas, another course 
has to be adopted. In these districts the tracts of ground which have 
formerly been inundated by salt-water always remain more or less 
saturated with salt and are unfitted for any permanent course of 
cultivation. Thus, instead of turning them into cultivated fields, it 
is found bettor worth while in many spots to utilize them as salt- 
marshes. The salt-water, conducted from one pond to another, 
evaporates in the sun, and ultimately leaves on the bed of the last 
compartment a thin layer of salt, which the labourers collect and pile 
up in great pyramids on the edge of the roads. This manufacture 
assumes its chief importance on the shores of the western Mediter- 
ranean ; certain salt-works on the sea-shore there produce from ten 
to twenty thousand tons every year. 

What is the cause which produces the contrast between the natural 
fertility of the polders of Holland and the sterility of the ground 
recovered from the sea on the Mediterranean coasts P The cause must 
first and foremost be sought for in the greater or less supply of fresh 
water which washes the soil, the shores of the North Sea the 
air is naturally moist, and the quantity of rain-water which is 
showered down upon the country is very considerable. The porous 
earth is constantly washed by the rain, and all the soil on the surface 
is gradually carried away, so that almost immediately they are 
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surrounded by dikes the cultivation of tbe polders mny bo commoncod. 
It must be confessed that, on the shores of the Mediterranean, the 



Fig 190 —The Salt-works of Trapani. 


saline portions of the ground are likewise dissolved and carried into 
the subsoil ; but in consequence of evaporation, which is very active 
in this climate, the water from the bottom ascends gradually through 
the porous earth together with the salt which it holds in solution, 
and then evaporates, leaving on the surface a crust more or less thick 
of saline matter. A reciprocating motion is thus established between 
the surface and the deeper strata of the ground ; tho rain causes the 
salt to descend and evaporation causes it to rise up again, whilst the 
sea-breezes add an additional thin layer of salt to that which already 
exists on the soil. Pools of almost fresh water and a saline efflor- 
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escence cover in turns the surface of the ground; the plants which the 
labourer would fain endeavour to cultivate are either drowned by 
water or else burnt up by salt. 

Fortunately, the knowledge of the evil has led to the discovery 
of the remedy. It is found that rain carries the saline matter down 
into the subsoil, and therefore that groat temporary inundations 
would bring about this result with a much greater degree of certainty. 
After having established at a suitable dcptli a complete system of 
drainage, it is only necessary to turn for some time a branch of a 
stream over the land to be drained; the salt in the upper stratum 
will immediately be dissolved and carried down into the subterranean 
conduits, being ultimately removed by this powerful lixiviation into 
an external basin where the emptying pumps arc worked. The fre- 
quent application of this process of wasliing succeeds at last in cleans- 
ing from all saline matter the land that^was most saturated with it ; 
and agriculture thus gains a new and fertile field for its operations. 
Moreover, this means of reclaiming low, salt tracts on the shores of 
the Mediterranean is no longer a matter of inore speciulation, as it 
lias already been put in practice. Not far from J^faiiit-Uillcs, on the 
smaller branch of tlio Ilhone, certain tracts hav^o been purified from 
the salt which they contained and converted into corn-fields. More 
recently, immense tracts of land near Frontignan, once perfectly use- 
less, have been gradually puriiied by the little stream, Roubine de 
la Vie, which supplies pure Avutcr by a lateral cutting, and then 
lower down in its course receives the drain ago- water charged with 
saline matter. According to M. Dupouchel, the inventor of this 
system of purifying the soil, it would be iiossiblo to deal thus with a 
great part of the south coast of France, and to create a complete 
border of magnificent poldcrn, covering a surface of more than 
250,000 acres, and representing an agricultural value of from 20 to 30 
millions of pounds.* And what even would such a reclamation as 
this he, when compared with those which may some day be mode in all 
the countries which border on the sea and on salt lakes P 
* Annalci dea Ponttet ChauBtic*^ ii. 1864, 
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CHAPTER XXIV. 

DIKES ON THE SEA-SHOIIE.— POINTS OP DEPENCE.-t-POINTB-DE-QBAVE. 

Throughout the wholo region of polders scattered along the coasts 
of the Ocean, the immense labours undertaken with a view of drain- 
ing dry certain tracts of laud must necessarily bo completed by a 
system of marine fortifications, for it is necessary to defend at any 
cost against the force of the waves and the shock of the tempest, the 
cultivated land which has been with so much difficulty reclaimed. 
The whole of the sea-boundary of Zealand, Holland, Friesland, and 
the other low countries on the coast of the North Sea, is bordered 
by a continuous rampart of dikes, about 25 to 35 feet high, and 150 
to 300 feet broad at their base. All these embankments are con- 
structed with the utmost care, with their longer slope, on which the 
waves have to break, tow’’ards the sea ; the bank itself is armed against 
the surf by a trellis-work of posts, fascines, and even by a woven 
texture of straw over which the waves glide, being changed into foam. 
On the land side the dike has a steeper slope and is bordered by a small 
drainage ditch, in which is collected the water which soaks through the 
earth or is thrown by tempests over the top of the embanlcmcnt. Should 
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Fig. ie7.— Prollle of a Sea-Dike in Friesland. 

the sea, when it is very rough, destroy one of these ramparts, a por- 
tion of the polders is inundated ; but at a certain distance another 
dike rises, and beyond this, others which keep back the flood-waters. 
During the continuous labour of more than a thousand years the 
country people, ever on the watch to snatch a slice of land from the 
ocean, have never ceased constructing embankments round every 
reef of mud left bare by the sea-water, and the defensive ramparts 



are thus connected all round the outside of the district ; m some spots 
where the deposit of the ooze from the soa takes place rapidly, the 
districts of the interior are separated from the shore by a quadruple 
or quintuple girdle of embankments. It must be confessed that, on 
the occasion of fearful storms, the recollection of which ever dwells 
in the memory of the inhabitants,* the sea has again taken possession 
of wide tracts of land, in exchange for those which man has snatched 
from its domain ; but at the present time the Dutch engineers, the 
most experienced and most skilful in these operations, are making 
regular encroachments on the seas surrounding them. It has been 
calculated that, on the average, the area of the Low Countries in- 
creases at the rate of seven acres a day, or 2470 acres a year ; t this 
is somewhat more than a four-thousandth part of the whole territory. 



Fig 10^ —The Dikes ofUithulzcn 

The length of the dikes placed end to end would extend to several 
thousands of miles ; they much exceed the embankments along the 
borders of the Mississippi and its tributaries.^ 

Those spots where the oufrents, waves, and winds blowing from 
the soa, all work together to break through the shore-line, are 
* Soo Chap. XI2L p. 161. 

tE.de liSreleye, Mevue det Deux Mondes, April 1, 1864. 
t Soo in The jEaiih the foction ouUtlod, Jttvere, 
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tho places where man is compelled to show proof of the greatest 
perseverance and the most inventive genius in his strife with tho 
elements. In the Isle of Sylt, on the coast of Schleswig, the idea 
was formed of making the sea itself a joint- worker in tho construc- 
tion of the dikes which were to stay its progress. All along the 
sea-beach palisades wore set up in two parallel rows, about ten or 
twelve yards distant from each other. During a tempest, the waves 
charged with sand dash over the fascines, and let fall among the 
branches the sand and shingle that they carry ; the latter is heaped 
up between the two lines of palisades, and soon a long artificial dune 
is raised along tho edge of the sea, affording protection to the land 
inside. Moans of this kind cannot, however, bo successfully made 
use of on every coast, and especially on various points of tho shores 
of Holland, which seem to sink down below the sea level like a leaky 
ship. Tho town of Wcstkapellc, in Zealand, was devastated by tho 
waves which opened n wide inlet through tho rampart of dunes on 
the shore. Tho houses were rebuilt further inland, under the pro- 
tection of an enormous dike which closes the gap between the sand- 
heaps ; but this embankmi^nt has entailed such an enormous amount 
of labour in its maintenance and repair, that a bulwark of solid copper 
might have boon erected at less expense.* In a similar way, owing 
to a large opening being forced between the dunes on the shore, the 
Isthmus of Porreii, situated on tho western coast of the peninsula of 
Holland, was threatened with being swept away ; in this case, 
Amsterdam and all the shores of the Zuyderzoc would have been loft 
without protection against tho waves of the sea. %ut by means of 
various works, dikes and stake-barriers, the inhabitants ultimately 
succeeded in giving solidity to the shore. At the present day tho 
inhabitants of this part of Holland have no longer anything to fear 
from the inroads of the sea. 

In France, Pointe-de-Grave, at the mouth of the Gironde, is one of 
those spots which may most aptly be brought forward os an instance 
of the violence of the sea, and as a locality where man has to strive 
his hardest with the breakers. It is known exactly how far the sea- 
beach has shifted its position since the year 1M8; at this date. 
Pointo-de-Gravo extended into the Gulf of Cordouan, 2400 feet to' 
the north-west beyond its present position. Between 1818 and 1830 
it receded 600 feet, or '60 feet] each* year. From 1830 to 1842 it 
lost annually nearly 120 feet. Between 1842 and 1840, when the 
engineers were at last engaged in their conflict with the sea* the 
* SmsUegange, Xauiiai/ Almanack^ Nov. 1868 . 
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waves advanced 630 feet in their triumphant march, that is more 



Flff. 190.— The BmbanJementi of Woftlwpelle. 




EXCEOACIIMEKT OF THE SEA. 207 

limn l'>0 feet in one single year. Now, tlie sounding-line shows a 
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depth of more than five fathoms at a point trhore the outline of the 
shore might once bo scon. It has been found necessary to pull down, • 
and rebuild farther inland, all the buildings which once stood at the 
extremity of the point. The ancient fort which defended the 
entrance of the Gironde has boon demolished by the waves, and 
during the low equinoctial tides cannons may still be seen shining 
in the wet sand. In 1840, the width of the strait which separates 
Cordouan from the peninsula of Bas-Medoc had increased exactly 
one-tenth in the period of 28 years. 

Whilst the sea was thus eating away the extremity of the penin- 
sula, at the same time it was endeavouring to pierce into its base. 
At the narrowest point of the isthmus which joins the dunes of Grave 
to Mcdoc, the waves worked energetically in scooping out a wide 
bay known under the name of the bay of lluttes. From 1825 to 
1854 the sea- shore receded 1140 feet. During the period of low 
tides the isthmus of Ilutles, which extends between the ocean and 
the salt-marshes of Yerdon, wns still 1320 feet in breadth ; but at 
the time of flood-tide this breadth was reduced to OGO feet, and when 
the waves are lashed into fury by a storm, they throw their foam to 
the very summit of the sand- banks on the narrow isthmus. Another 
five and twenty years of an advance as rajhd us this, and the Atlantic 
will succeed in breaking through the fragile bank of sand w’hich is 
opposed to it by the main-land, and w ill overflow into the marshes, 
converting into an island the j)rcsent peninsula of Grave. The 
Gironde will join the soa by a second mouth, and the present genera- 
tion may contemplate geological phenomena similar to those w'hich 
took place w'heii the island of Cordouan was detached from the 
main-land and gradually changed into a shoal. It was necessary to 
prevent this not only as it would have caused the ruin of all the pro- 
perty on the peninsula ; but also as a matter still much more im- 
portant, it was necessary to preserve for ships the precarious shelter 
afforded to them by the roadstead of Verdon, which is already too 
much exposed to the violence of tho west winds in consequence of 
the constant erosion of Pointo-do-Qrave. It was therefore with good 
reason that the resolution was adopted of entoring into a contest with 
tho ocean, and to arm the peninsula by means of bulwarks, against 
its assaults. ^ 

In order to protect the shore of the gulf, 13 parallel jetties from 
600 to 600 feet long were constructed. These jetties were composed 
of stiff clay faced with stones firmly fixed, and were defended against 
the onset of the waves by fascines and piles ; they thus offered resist- 
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ance both by their elasticity and the cohesion of all their parts. 
Nevertheless all those jetties were not strong enough to hold their 
own against the sea in stormy weather. First one gave way and then 
another ; so it was resolved to construct a dike parallel to the shore 
of the bay of Huttes. During the course of the work the waves and 
storms often assailed the dike and broke through it in various spots ; 
but the workmen, successfully fighting against the billows, wore ablp 
to close up the breaches and to solidify those parts of the bulwark 
wliich had boon broken down. In March, 1847, after five years spent 
in an incessantly renewed contest between man and nature, the dike, 
3000 feet long, was at last finished and seemed to forbid the breakers 
any future approach to the dunes. The engineers had begun to con- 
gratulate themselves upon their work, and were fancying that they 
had vanquished the ocean, when a few weeks after the works were 
completely finished a terrible tempest from the south-west raged in 
the Gulf against the coast of Medoc ; the last jetties of the bay were 
swept away like bits of straw, and the greatest part of the enormous 
dike was broken through, carried away, and annihilated by the all- 
powerful billows. 

In order to check the inroads of the sea, they scarcely had time to 
construct at the inner curve of the shore of Huttos, a kind of pyramid 
composed of enormous blocks of concrete, each weighing several 
thousands of pounds. The gigantic steps of this embankment pre- 
sented a firm resistance to the assaults of the waves, but as there was 
nothing else employed for the defence of the shore, the ocean soon 
showed threatening signs of turning it, and continuing beyond it 
its work of erosion. The shore of the bay of Ilujjtes receded 80 feet, 
and two wells which had been dug, and lined with stone-work, in 
the sand of the dunes were laid bare to their very base and stood up 
like towers on the edge of the waves, presenting themselves as 
strange witnesses to show the inroads of the sea. The victory had 
been fought for by man at groat cost, but the sea had remained the 
conqueror, and thousands of pounds lay peaceably buried under the 
waves.*^ At last it was resolved that, instead of building a more 
water- wall, as had been already done, a regular breakwater should 
be raised to oppose the billows; this was to commence at the 
southern extremity of the bay and to stretch across to the north, 
joining the immovable rocks of Saint-Nicholas. In front of this ram- 
part, cubic masses of concrete weighing several tons each were thrown 
down, so as to form a kind of gentle slope the length of which was 
equal to 10 times the height of the breakwater. Added to this, Jhe 
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wicker-work embankments, being threatened by the incessant bur- 
rowing of the TeredOy were gradually replaced by strong dikes in 
stone-work. The ocean has not as yet broken through this last 
barrier, and hopes may be entertained that henceforth tho same 
respect may be shown towards it. Nevertheless, the waves seem 
inveterate for the destruction of tho obstacle which restrains them, 
and use in turn both force and'stratagem to attain their end. They 
displace the blocks of concrete, they sweep away the sand, they mako 
crevices in the masoiir}^ and pushing forward in every direction their 
labours of sapping and mining, they untwist the fascines so carefully 
bound together, and sometimes leap over the construction itself, and 
boldly attack the shore beyond. 

At Pointc-de-Grave the conflict between fbe sea and human power 
was scarcely less sharp. On that portion of the sea-coast which 
stretches away for a mile and three-® uarters to the south of thecaj)e, 
fourteen jetties, similar to those adopted in the bay of ITuttes, were 
pushed out into the sea. At the point itself, instead of the jetty, there 
is substituted an embankment running out 400 feet, comj)osed of 
natural and artificial blocks of stone dropped down into the water 
from trucks. The extremity of the embankment, w Inch is under water, 
is prolonged for some distance by heaping up rocks which are dropped 
from small vessels when the weather is favourabh'. So great, however, 
is the violence of the waves, that these rocks, weighing on the average 
two tons each, are very frequently shifted bj" the meeting of the ebb 
and flow of the tide and arc drifted out into the offing. When sub- 
jected to the shock of the waves, the embankment itself has sometimes 
cracked here and there across its wdiolc width, and the workmen are 
from time to time obliged to reconstruct the slope, to fill up tho cracks 
with stone- work, and to consolidate the blocks of stone whoso 
equilibrium is threatened. Sometimes, also, the water hollows out 
caverns under tho rocks at the base ; it is then necessary to go down 
at low tide in order to stop up the excavations, to strengthen the 
approaches, and to prevent the advance of the enemy. 

As if enraged at the insurmountable obstacle opposed to it 4by tho 
powerful breakwaters at tho point, the sea has spent its fury on the 
tongue of sand which extends behind tho jetty. Attacking the 
bank on the rear, the waves •incessantly increased the small bey of the 
Fort in the direction of the river, and between 1844 and 1854, whilst 
the sea-coast remained almost in a stationary condition, that which 
faced the Gironde receded 1600 feet, that is to say, 160 feet a year. 
A £bw years more, and the dwindled peninsula would have been com- 
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pletely broken through, the lighthouse and the other buildings would 
have been swept away, and the jetty, detached from the mainland, 
would become nothing more than a rock beaten by the waves. It was 
therefore necessary at any price to exclude the inroad of the sea by con- 
structing at the angle of the Fort a breakwater similar to that which 
hud been already built up in the bay of Huttes. A breakwater has 
since been erected in this spot, and at last a period of mere surveil- 
lance has succeeded to the contest of 20 years’ standing between man 
and the ocean. The works, now hajipily completed, have ultimately 
contradicted the general superstition whicli attributed to the waves a 
force irresistible by man. The force of oceanic billows, like that of 
the aerial waves impelled by tempests, can be exactly estimated in tons 
or even in ])()unds ; and in order to overcome their brute force, all man 
has to do is to oppose a superior resistance which can be measured by 
his calculations. It is, moreover, probable that a more profound 
knowledge of hydrological laws will sopic day enable him to utilize 
this very force which at the present time it is so difficult to resist ; 
the ebb and flow of the tide, the waves of Iho tempest sometimes so 
terrible, will also find their work cut out for them, and their action 
when well directed will become an instrument in the hand of man. 
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CHAPTER XXV. 

KATUKAL AND ABTIFICIAL WAYS OF COMMUNICATION.— BKA-fiHORKS, DEBERTS, AND 
SAVANNAHS. — RTVEUS, CANALS, ANDRAILWAIS — BRIDGES AND VIADUCTS —THE 
CUTTING THROUGH ISTHMUSES. — THE SUEZ CANAL. — THE ISTHMUSES OP CEN- 
TRAL AMERICA. 

All the prof^rcss realized in the reclamation of the soil would have 
been impossible if nations had not been placed in mutual connection 
by means of frequent modes of commfoiication ; commodities are thus 
iiiterchang;od between various climates, ideas become a patrimony com- 
mon to all, and the creative intelligence of workers has been enabled 
to develop and increase. 

The earliest roads us(‘d by men for the purposes of travtd and of 
conveying their produce were the natural routes afibrded by the shores 
of the ocean, the deserts of sand and hard clay or rock, devoid of all 
vegetation, or by the level surface or gentle undulations of prairies 
and savannahs. Thanks to these ready-made ways of communication, 
nations separated by water, forests, and mountains have been enabled 
to make one another’s acquaintance ; but for all this, the mutual 
relations which they established remained very difficult to keep up. 
The sea-shores were intersected with quagmires and mouths of rivers 
both dangerous to cross ; the deserts and savannahs are the abode of 
famine, and the traveller who ventures into them unprovided witji food 
is certain to perish. After the lapse of thousands of years and thou- 
sands of ages, these natural routes still continue as dangerous as they 
were when they w’crc ventured upon for the first time : nothing but 
his skill and industry has enabled man to create for himself safer and 
more commodious roads. 

The invention of rafts and boats suggested other modes of communi- 
cation between peoples ; they could now avail themselves of the wind- 
ing courses of rivers — those "^‘moving roads.’’ This was on immense 
progress made in favour of intercourse between nations, for every river 
with its tributaries tended to connect together all the countries com- 
prised in its basin ; this amount of progress was, however, in its turn 
surpassed. In the civilized countries of Europe, where man is gradu- 
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ally moulding Nature to his will, those uncortiiin watorcourses, 
with their long windings, their dangerous rapids, thoir sudden floods, 
and their prolonged droughts, were no longer adapted cither for mer- 
chants or travellers, both classes having become more and more par- 
ticular in regard to speed and regularity. The inland navigation 
diminished, exception the mouths of rivers, which were also estuaries 
of the sea and had been converted by the skill of the engineer into 
regular canals having a considerable normal depth. This was the 
case as regards the Clyde, the bed of which a century ago was only 
three to six feet below the surface of the water ; it is now dug out 
to a depth of 24 feet, so that huge ships can easily ascend the 
liver up to the quays of Glasgow. Inland, the natural waterways were 
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abandoned for artificial canals, the direction and depth of which 
man could regulate at his will; they were also to a great extent 
abandoned for carriage-roads constructed across the country in every 
direction and forming an immense network, and for railways, on 
which steam enabled a still greater speed to be obtained. Engineers 
have already made a demand for the suppression of our European 
rivers, such as the Loire, the Rhone, and the Rhine, as mediums of 
communication, and for the utilization of their waters for the irriga- 
tion of the land. Rivers are roads for savages only,'' says M. Love, 

** and the only routes for transport recognized by civilized man are 
those which he has himself created from beginning to end.’'* And 
in fact, looking at the millions of money which have been expended 
* J>ueours d$ V inauguration d la SoaiU de$ Ingonteurs CwiUy 1868. 
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on the Loire since the commencement of the -century, in repairing 
dikes, Embankments, and houses, in flotillas of boats, and in reclaim- 
ing cultivated land, would not this cost have amply sufflced for the 
construction of a double line of railway along the whole extent of 
the valley, and for establishing a complete system of irrigation, which 
would have changed into a vast garden all those tracts of land which 
are now constantly threatened with some calamity b)’’ the rising waters. 

Among all the great inventions of modern times, that of railways 
has indisputably contributed the most to give an impulse to travel- 
ling, to the difiusion of ideas, and to the general distribution of the 
riches of the earth. The services which railways have already 
rendered to mankind ore incalculable ; but nevertheless, tlie power 
of routine, the requirements of the public treasury, the impediments 
ofiered by custom-houses, the greedy^ system of mono 2 )oly and gain 
practised by the various companies, the absence of any large compre- 
hensive views among the constructors of the network of lines, and 
the troubles and disasters of war, have singularly rctard(jd the im- 
pulse which might have been given by the iron roads to the aetivity 
of nations. Ilailwa 3 ’s are, however, us yet but very few in number 
in comparison with the area of the ground which they traverse ; 
their total length is 90,Jj()0 miles, that is, about one mile oiilj^ for 
a surface of 300 square miles. Ifot one of the great lines, which 
ought to cross various parts of the world from one sea to anolher, is 
as yet completed. The longest, which commences at Cadiz, and 
extends for a length of 3700 miles, passing through Madrid, Paris, 
Berlin, St. Petersburg, and Moscow, does not extend beyond Nijni- 
Novogorod, in the plains of Russia ; twice this length remains to be 
accomplished before the rails roach the shores of the Sea of Okhotsk. 
The line crossing this, that which extends from the coasts of PuskIu- 
Calais towards Constantinople, has been arrested in its progress, for 
more than 10 years, by the course of the Danube. With regard to 
the New World, in 1869, it will possess a railway 3730 miles in 
length, which will cross the continent from the Atlantic to the 
Pacific, from Portland and New Yoik to San Francisco, and will 
certainly become the principal commercial artery on the globe.* 

The districts whore the railway system is anything like complete 
are at present very few in nunleiEr. The richest district in this respect 
is that of Lancashire, in which the first important railway — that from 
Manchester to Liverpool — was opened. j|Piis is where also Stephen- 
son started his first locomotive. On this, the classic soil of znanufac- 
* Thi« Railway is now in actifo operation. Tr. 
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tures, there may be reckoned at least one mile of railway for every 
four square miles of area. Also, the great facility of coiumuhication 
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has resulted in attracting to these districts a population truly 
enormous, when compared with the small area which they occupy. 
In the same way London, to which railways converge from all the 
points of the compass, increases its inhabitants at the rate of 50,000 
a year, and in its onward march continually embraces within its 
boundary the towns, the villages, and the hamlets of the environs. 
London alone already contains nearly one-sixth of the population, and 
an attempt has been made to represent this fact in the following 
plate, in which London, Manchester, and Liverpool are represented 
by circular areas of a size proportional to the number of their inhabit- 
ants. Certain thickly-populated regions in Belgium, Rhenish 
Prussia, and Massachusetts are also crossed by railways in every 
direction ; but everywhere else, except in the vicinity of capital cities, 
the network of lines is i^^very far from being completed. Some 
continents are almost entirSy without this mode of rapid communica- 
tion. South America, which is twice the size of Europe, does not 
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possess more than 1800 miles of railway. If we except Hindoostan^ 
the only railway in the continent of Asia is that from Smyrna to 



Fig 203 — Comparative population! of London and England generally. 


Ephesus ; Africa also is devoid of railways, except in the extreme 
north and south, that is, in the two colonies of Algeria and the Cape 
of Good Hope, and in tho Nile basin, which as far as commerce is 
concerned is only a colony of Europe. 

During the last forty years, two thousand millions of pounds have 
been expended in various ooUiitries in tho construction of railways ; 
and even this large amount is nothing but a small sum compared 
with that which it will be necessary to expend in order to continue 
and complete the work which has b^n undertaken. No one can fail 
to see that these expenses are very different from those which are 
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employed by man in tho art of destroying one another, and that 
their tendency is to create fresh wealth and to bring nations into 
friendly relationship. The fraction of national savings which is able 
to escape the rapacity of taxation and the squanderings of luxury 
and debauchery, although still, alas, too small an amount, will servo 
however to bring to a happy completion those enormous works of 
which our ancestors never dreamed ; and we must not think of 
styling even these works as ** wonders of the world,” because some day 
still greater works will be attempted. The Pyrenees, the Covennes, 
the Vosges, the Jura, the mountains of Pohemia, and the Apennines 
are already crossed by railroads ; the locomotive scales tho heights 
of tho Sierra-Nevada of California, at as great a height as 7020 feet, 
whilst on the easj it crosses a pass of the Rocky Mountains 8240 feet 
high. At Soemmering, and at Breuner, the Alps have submitted to 
the hand of the engineer; Saint-0 othard, tho Simplon, Mon^-Gon^vre 
will be surmounted in duo course; and finally, for the last 11 years, 
the work has been going on of driving a tunnel 13,363 yards long 
under the mountains of Frejus, between the French village of 
Modane and the Italian town of Bardonnecho, whilst 16 miles to tho 
eastward a temporary railway, following tho windings and scaling 
the heights of the Mont Conis carriage road, reaches an elevation 
of 6880 feet and then descends in zigzags into the abyss at the 
bottom of which is situated the town of Siize. In tho time of Han- 
nibal and the Romans and down to the earlier years of the present 
century, no one could travel from La Maurienne to Italy, except by 
the pathways of tho two Mounts Cenis, or through tormidable passes 
intersected by precipices and almost always obstructed by glaciers. 
Since 1840, one route enabled the travellers of the two nations to 
communicate with one another at all seasons ; and now, the pressure 
of the two commercial currents which seek to bo connected across the 
rampart of tho Alps has become so strong that it has been foimd 
necessary to improvise a railway of a special construction, whilst 
waiting for the great international road which will overcome the 
obstacle of the Alps between Paris and Turin.* 

The engineers who can pierce through mountains have no longer 
any fear of suspending their iron ways above the widest rivers or even 
over arms of the sea. In Canada, a viaduct nearly two miles long 
crosses the St. Lawrence ; not far from the falls of Niagara, a bridge 
carrying four lines of rails crosses the abyss into which the water 
dashes down. In England, the Straits of Anglesea, the estuaries of 

* The Mont Oenis Tunnel was opened in 1871. 
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the Mersey, Saltash, and many others, are crossed by magnificent 
tubular bridges ; and sooner or later the two shores of the Bosphorus 
and of the “ Phare ” at Messina will be connected by bridges, over 
which railway trains will rush. Lastly, for some years past 
engineers have been emulating one another in proposing to do away 
wnth the gap, presented by the Straits of Dover, between the conti- 
nental network of railwa)'s and those of Great Britain, either by a 
tunnel under the bed of the sea or by eoiistrueting a bridge 22 miles 
long bet\Veen the two clifi’s. This is far from being a mere chimer- 
ical dream : the money spent in the terrible contests of Solfcrino or 
Sadowa would have amjDly sufficed lor the execution of this work. 
In a few years skill and perseverance will have reconstructed the 
isthmus which the waves took thousands of cent urios to destroy. 

In the same waj^ as straits are no longer allowed to arrest the pro- 
gress of t^e locomotive, so istlimuscs ''luve to open out for navigation 
and to complete the Avoik of (he remoulding of the earth. The 
ancients formerly tried tlu'ir hands at these great works, but their 
attempts never attained any delinite result. Thus the Greeks, and 
after them the Itomans in the time ol Nero, commenced at various 
times to cut a canal between the two buys, one in the Ionian Sea 
and the other in the Archipelago, ^^hi^h are separated by the isthmus 
of Corinth. At the spot cht'sen, the land to be cut through was not 
more than four miles wide, and rose from the two coasts in a gentle 
slope to a level of 190 feet in height. If we take into account the 
small dimensions required for a canal intended to carry only Greek 
and Homan galleys, the labour of cxca^ation would not, at the pre- 
sent day, seem anything extraordinary ; but the difficulties appeared 
insurmountable to the engineers of old, and the vessels which 
desired to pass from one gulf to the other were compelled to make a 
great circuit round the promontories and isles of the Peloponnesus, 
exposed to all the dangers of the main sea. 

The navigable canal, commenced by Pharaoh Nechjo 25 centuries 
ago, between the course of the Nile and the Gulf of Suez, was a task 
more easy to finish successfully than cutting through the isthmus 
of Corinth ; for the onl}^ point in question was to make, across the 
lowlands of the desert, a supply channel, bringing down the 
fresh water of the river to ‘the Rod Sea. One of the Ptolemies 
completed this work, which for a long time had been abandoned ; 
after some centuries of interruption, Caliph Omar caused it to be 
repaired thoroughly by his lieutenant Amrou, and for lome years 
it facilitated the exc^nge of commodities between the Delta of 
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the Nile and the towns of Arabia. At the present day, this water- 
road, having been re-dug without any difficulty by the French 
engineers, not only serves for the transport of merchandise and com- 
modities between the fluvial basin and the lied Sea, but also supplies 
fresh water to the towui of Suez, the inhabitants of which have been 
in danger ot dying of thirst, on account of the deficiency of springs 
and rain-water ; it also tends to fertilize the land which lies on either 
bank, which were formerly devoid of all vegetation. But this canal. 



Fig. 201— The Isthmus of Corinth. 


although it is more useful and certainly more durable than our 
ancestors could over have made it, is nothing more than a mere 
detail of the magnificent work commenced in 1864. The great 
canal, which has been in the course of construction since this date 
and was to be terminated on the first of October, 1869, is a real arm of 
the sea 90 miles long, re-establishing the communication which 
formerly existed between the Mediterranean and the Indian Ocean, 
as proved by the geological features of the district. The canal 
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is deep enough to receive ships drawing a great depth of water, 
and wide enough for two trains of boats to pass ono another with- 
out difficulty ; in addition it is provided with vast inland 'ports, in 
which a whole fleet can bo laid up, and with two magnifleeni ports 
at each end, one of which, that of Port-Said, is already the most 
roomy and safe in the whole of the Mediterranean, next to that of 
Marseilles. The mass of earth which it was found necessary to move 
in order to open out the route for ships is not less than 95 millions 
of cubic yards, so that if the rubbish was thrown up in a heap, it 
would form a pyramid 31,470 feet in circumference at the base, with 
a height of 1100 feet. In conscquciioc of the attraction which such 
an immense field of labour could not fail to exercise over the popula- 
tion of Egypt and of Euroj)e generally, the desert has become in- 
habited and dotted over with gardens and oases ; two important 
towns. Port- Said and Ismailia, have risen out of the sand ; nearly 
40,000 inhabitants have established their dwellings in these plains, 
into which the traveller could not formerly make his way without 
trembling. And what will these earliest groups of colonists be in 
comparison with the multitudes which will flock from every quarter 
when Port-Said and Suez have become new Const an tinoplcs and 
receive the whole or even a part of the enormous traffic of nine 
millions of tons which until the opening of the canal went every 
year round the Capo of Good Hope, thus lengthening the nominal 
extent of their passage 7400 miles every voyage P Certainly, it docs 
not seem out of the way to expend 12 millions of pounds on such an 
undertaking as this, looking at the fact that the merchants of Am- 
sterdam, in order to spare their ships the short circuitous route through 
the Zuyder Zee and the passage of the Texel, have ^ot hesitated to 
construct ono canal, 50 miles in length, across the peninsula of Hol- 
land, and also another only 15 miles long, which have cost thorn not 
less than £2,400,000. The latter canal cuts through the peninsula 
at its commencement, and crosses the former lagunes and marshes 
of the Ij, which are being rapidly changed into magnificent polders. 

The opening of the Suez canal must naturally be followed sooner 
or later by a cutting through one of the isthmuses of Central America. 
So early as the year 1528 Cortez, having ascertained that no straits 
existed l>otween the Gulf of Mexico and the Southern Ocean, applied 
himself to the means of creating one, by cutting a navigable canal 
through the isthmus of Tehuantepec. Since the time when the former 
American colonies became free countries, and were liberated from the 
commercial trammels imposed as a right by a few houses in Seville and 
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Cadiz, projects for cutting through the isthmuses have presented them- 
selves in largo numbers^ome laid down at hazard on merely fancyinaps, 
and others studied with all the care that a knowledge of tho country 
could suggest, and brought forward by men highly esteemed in science. 
The portion of Central America which engineers have vied with one 
another in crossing with their various plans for canals, either with 
or without locks, comprehends without exception all the narrow parts 
of the extensive district which joins Mexico and South America. 
The isthmus of Tehuantepec, and that of Honduras, the valley of San- 
J uan, and the narrow bolt of country which separates tho waters of 
the Pacific from those of the two lakes of Nicaragua and Managua, 
the isthmus of Chirigni, tho Ilio Chagres and Panama, and Darien, 
the narrow stalk which connects the northern continent with the 
enormous mass of South America, have been in their turns extolled 
as tho spots whore tho great commercial port of tho world must 
necessarily be opened out. According to M. Jules FI achat, the sum 
that would be required for the easiest of these undertakings, that of 
Nicaragua, would reach an amount of £12,800,000, whilst tho most 
costly plan, that which would take the course of tho Atrato and the 
Truando, would involve an outlay of £30,000,000. This is a mere 
trifle compared with tho treasures which arc expended every year 
in buying warlike weapons and casting cannon-balls and bullets ; 
but it is considered a large amount for a work of universal interest, 
the result of which will be to bring continents closer to one another 
and to hasten the day of the great reconciliation of nations. It is 
therefore possible that long years may still elapse before one of the 
American isthmuses afford a channel to fleets of commerce ; and yet, 
if the sums wasted on the various financial markets in the promotion 
of fantastic joint ^tock companies had been employed in some well- 
grounded scheme for the junction of the two seas, there can be no 
doubt that a great part of the work would have been now accom- 
plished. In Nicaragua especially it would be comparatively an easy 
matter to open out a communication between the two Oceans. The 
Spanish trading ships used at one time to ascend freely right up into 
the lake, being impelled by the trade-winds ; and even now steam- 
boats successfully make head against the current of the rapids. By 
improving the port at tho entrance and by straightening the course 
of the San- Juan in certain difBcult reaches, admittance to the lake 
could again be opened to ships of from 300 to 400 tons burden ; all 
that would then remain to be done would be to cut through the 
narrow tongue of land formed by Granada. But to tho westward of 



the islaiMl and the roadstead of Lapatera, whore yessels would bo com* 
pletely sheltered from the surf produced by ^e trade-winds, ]\^a:d« 
milieu de Sonnenstem, the engineer, has discovered a pass 18 miles 
in length, the highest point of which does not rise muro than 23 feet 
above the lake of Nicaragua, and about 147 feet above tho Paciiic.* 


♦ Folix Belly, A travera VAmriqne (hifrale, vol. ii. p. 405. 
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CHAPTER XXVL 

THE INDUSTRIAL POWER OP MAN. — THE ELECTRIC TBLBORAPH.— POSSESSION TAKEN 
OP THE SKA. — CULTIVATION OP OYSTERS. 

It has boon calculated by statisticians that, in the year 1860, all 
the machines working in Groat Britain for the benefit of manu- 
factures generally represented an amount of power put in force 
equivalent to that of 1200 millions of strong men : this considerably 
exceeds the collective force of the whole of mankind, for, among the 
1300 millions of human beings existing, three-quarters of them are 
either too weak, too young, or too old, to be adapted for any con- 
tinuous labour. And yet this enormous total of manufacturing power 
in England is increasing every year at a rate equivalent to that of 
several millions of arms-power ; ** in France, in Germany, in Italy, 
in the United States, in Hindoostan, China, Japan, and Egypt, in fact, 
in all the countries whore civilization has introduced its machinery, 
the increase of the motive powers applied to labour in general is 
taking place in a similar or still more rapid proportion. Thanks 
to winds, water-power, steam, and other natural agents which man 
has enlisted to do his work for him, manufacturing skill every year 
achieves a task of increasing grandeur, and is incessantly contribut- 
ing more actively to modify the aspect of our globe. 

But what are the wonders of to-day compared with those which 
science will some day give us the means of accomplishing P When 
we shall be enabled to lay hold of and to fetter so as to make it work 
for us at our will, the power exercised in a limited space by the 
sustained blast of one of the hurricanes of the West Indies ; when 
we are enabled to employ the active force developed by the waves 
which break during a stormy winter on the dikes of Cherbourg, or 
even the flow of the tide which covers every month the shores of the 
Bay of Fundy; when we know how to deprive volcanoes of the 
terrors which they inspire, and to conciliate for our use the formid- 
able power of the lava and the compressed gases which are at 
work in their abysses, — ^what works will be so colossal that labour 
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and boldness will recoil from them P * We may fearlessly 
assert, that all that man has hitherto done is but a trifle in com- 
parison with what he will be able to eflFect in the future, when 
the forces at his disposal, instead of neutralizing one another, will 
be able to work in concert. If our rude ancestors, who inhabited 
caves during the stono-age, were to return among us, they would 
without doubt be too ignorant to understand, or even to wonder at, 
the immense progress made since the ages of barbarism. f And 
are we ourselves at the present day sufficiently advanced even to 
form an idea as to what the surface of the globe will bo when man 
shall have, so to speak, reconstructed it, aided by the means of in- 
creasing power which will be furnished to him by a thoroygh know- 
ledge of nature and her phenomena P 

Among the material achievements of modern science, that which 
gives us the highest hope in res|^.*ct to the future progress of man- 
kind is the electric telegraph. B3’' this invention man ceases to bo 
connected merely with that part of the globe on which he treads so 
lightlj", his liberty is set free from the obstacles imposed bjr time and 
space, and he becomes, as it wxtc, personiilly present at all the points 
of space which the conducting wire brings into relation with his 
thoughts. To the power of his machinery, which might bo compared 
to mmcular force, he adds the nervous forces afforded by fibres stretch- 
ing in every direction ; news, transmitted from cell to cell, reaches 
the brain of man from all the ends of the earth, and his expressed 
wishes are flashed across continents *8o as to be transformed into 
actions on the other side of the globe. 

The construction of electric telegraphs did not commence until 
about 10 years after the completion of the earliest railways ; but 
owing to the comparative simplicity of the works requisite for the 
establishment of electric wires, the total length of telegraph lines 
already much exceeds that of the iron roads. For an expense of 
about £20,000,000 wo have been able to set up more than 1,300,000 
miles of wires, a length which would reach nearly 621 millions of 
miles, if we were to reckon all the double and multiple wires of im- 
portance ; this is an extent equal to the length of a ^ng which 
would encircle the globe at the equator as many os 25 times. The 
new wires unrolled eyetf year would bo suflicient to give another 
turn of the string round the whole circumference of the planet ; it 
is the far-reaching stretch of the human will which is thus extended 

* Goorgo F. Marsh, Man and Nature, 
t GroTO, Addreu to the Britieh Aeeoeiationy Mottingham, 1866. 
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BO far over the domain which it has made its own by its skill and 
energy. 

Not only on the surface of the mainland, but also in the depths 
of the sea, docs the electric fluid transmit the thoughts of man all 
round the globe. By about 15 wires which rest on the bed of the 
Channel or of the North Sea, Great Britain is connected with the 
coasts of Franco, Belgium, and llolland; Sweden *and Norway are 
directly joined with Germany by wires across the I^altic ; Sicily and 
Sardinia have', in spite of the Mediterranean, become portions of tho 
Italian mainland. Wo can still recollect with what emotion we 
greeted tho first interchange of thought flashed from one side of tho 
Atlantic to the other, passing under the immense body of water 2200 
fathoms deep and as broad as an eighth part of the circumference of 
tlie globe. These first words which the Old World thus sent to the 
Now were words of peace and good-will ; it was understood by all 
that the great fraternity of man had then asserted its existence in a 
most solemn manner ; in spite of all the obstacles nature could ofier, 
in spite of continents, seas, and space, widoly-distant nations were 
beginning to bo sensible of one common soul. After transmitting 
these words of peace and scrawling some indistinct sy Rabies, the 
Transatlantic cable, as if exhausted by its first effort, and, as it were, 
ceasing to live, refused to respond to tho learned electricians who 
were soliciting it on both shores of the ocean ; silence had resumed 
its empire across the broad tract of water. But the persevering 
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Anglo-Saxons did not succumb to the blow of this defeat ; they again 
manufactured thousands of miles of fresh wire, and commissioned 
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their engineers and their most skilful mariners to lay it down in the 
bed of tho ocean. Then, with an anxiety as groat as that experi- - 
ciiced on tlie eve of a decisive battle, they witnessed the departure of 
their finest ship, unrolling as it went the cable which w^as to unite 
them to their American brethren. Fresh misfortunes followed : the 
wire broke in the open sea. No matter ; they laid down a third, and 
tho mighty Grtsat Eastern ” made her voyage across the Atlantic 
without ceasing for one instant to keep up a communication with 
the coast of Ireland, just as if she flad loft in her wake a long electric 
furrow. At the present time two electric telegraphs connect the 
two opijosite continents, and eflbrts are being made to lay down 
others, between Lisbon and llio Janeiro, and between Brest; and 
New York. Lines, liowever, of no very great length, eR})ecially tliat 
from France to Algeria, by way of the Balearic Islands, have not 
been successfully established in a permanent way, the (jablcs having 
often been broken ; the cables also in the Eastern Mediterranean, the 
Red Sea, and the Indian Ocean liave been frequently injured. A 
total length of 12,400 miles of telegra])hic wires has been laid d\>wn 
in the bed of tlic sea between various parts of the world, its islands 
and peninsulas ; but there docs not at present exist any one continu- 
ous line which belts round the whole circumference of the planet 
passing across the continental musses and the depths of tho oc«an. 
The longest line, that between California and Calcutta, passing 
through New York, London, Vienna, Constantinople, and Bagdad, 
is not less than 12,400 miles in length. 

The great undertakings wdiich have been already accomplished on 
the coasts and in the depths of the ocean justify us in assorting that 
man has taken possession of it. At the present time the sea is no 
longer “ an insuperable abyss,” and tho mariner is able to explore 
almost the whole extent of it. Nearly 200,000 ships traverse the 
waves between the coasts of the various continents and islands ; more 
than a million of sailors have made their homes on the dreaded 
billows, and half their lives are spent in ships which float on tho 
waves and are beaten by the tempest. Sea voyages become more 
and more frequent, and the number of travellers who cross every 
year from one side of the Atlantic to the other must now be reckoned 
by hundreds of thousands ; they equal the number of passengers who 
travel from Great Britain to the Continent over the narrow watonsi 
of the North Sea, the Straits of Dover, and the Channel. Not only 
are the natural ports aflbrded by the bays and river-mouths improved 
by hydraulic works of every kind, but now harbours are opened for 



MAN TAKES POSSESSION OF THE SEA. 


277 


sliips on the moat dangerous coasts. Thus tlio dreaded shoals of 
Holyhead, Kingston, and Ilowth, and the rochy islets of Cherbourg 
and Plymouth, have been utilized as foundations for jetties and em- 
bankments, inclosing large areas of water, whore groat ships may find 
a safe reftigo. In other places, as at the mouth of the Danube, the 
two banks of tho river have been pushed out to a considerable dis- 
tance into the sea, so as to roa^'h deep water.* At Portland, tho 
summit of a hill has been thrown over into the sea so as to form an 
immense breakwater, inclosing a ^ole bay where fleets might safely 
maninuvre. The idea has even been started of constructing harbours 
in the open sea. M. Thome dc Gamoiid has proposed lo utilize tho 
Varnes bank, in the middle of tho Pas-do- Calais, for establishing* 
a great harbour of refuge on the track traversed every year by moro 
than a hundred thousand vessels. 

Another attempt at taking possession of the sea is that which has 
been made by the farmer of its v^Titprs. This attempt is not 
limited, like that of the hunter on the dry land or of the fisherman 
on rivers and in the ocean, to merely catching animals in order to 
make food of them ; but, rising a degree higher in civilization, tho 
‘‘ oyster-farmer has learnt to imitate pastoral nations, and instead 
of, like a savage, destroying living beings without paying any atten- 
tion to the maintenance of tho species, ho makes it his business, on 
the contrary, to increase the number of its individuals by rearing 
them, and takes care of them in order to ensure his future subsistence. 
Tlius tho '‘oyster-farmers ” cover their submarine fi( Ids with faggots, 
stones, and tiles, to which the “spuwiP’ sticks, that is, the innumerable 
multitude of small organisms which will ultimately develop into 
oysters. When the molluscs, after having escaped the thousand 
causes of destruction by which they are surrounded, have attained 
some little size in the beds, they arc fished up and removed to fatten 
in reservoirs whore they reach their full growth. The fishermen of 
the He de He, who commenced tho cultivation of oysters scarcely 10 
years ago, have already established beds which extend over an area 
of 15,500 acres, and they obtain from thorn more than 300 millions 
of oysters every year. This mollusc is also cultivated on tho artificial 
banks of Arcachon, Maronnes, in the bay of Saint-Bricuc, and on 
the shores of Cotentin, In England, also, the cultivation of the 
oyster is assuming an increasing importance, and is gradually taking 
the place of the former barbarous methods of fishing for them. But 
in the United States especially oyster culture has increased enor- 
* Soe in The Earth the section entitled, Rivera* 
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mously. Out of the 50,000 millions of oysters which are eaten every 
year in America and Western Europe, the share in the consumption 



Fiff. 200.— The Roaditead of Aigulllon. 

f flVfln by the United States is nearly 45,000 millions. The quantities 
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of mussels which the fishenuen dredge up on the coasts and make 
articles of commerce are also most considerable. In the roadstead 
of Aiguillon alone, where the culture of this mollusc has boon prac- 
tised over since the thirteenth century, more than 500 fishing-hurdles 
or ranges of palisades may be reckoned, on which the mussels haug 
in immense clusters ; the mussel fishers collect them by millions every 
year off one palisade only. 

The cultivation of marine plants has not yet been undertaken by 
man. All he does in this way is t<fcolloct the seaweeds on the beach, 
mixed with fragments of shell-fish thrown up by the waves, and to 
utilize them for manuring his fields. Tliis employment of seaweed is 
however entirely local in its character, and is inconsid( rablc in 
extent. If only agriculturists desire it, they cun find for all the 
arable land in the world an inexhaustible quantity of manure ; to do 
this all that would bo necessary would be to send fleets to gather 
cargoes of sea- wrack in the interminable prairies of sargasso in tho 
Atlantic and Pacific Oceans.* 


* Sec above, p. 114. 
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CHAPTER XXVII. 

COMPARATIVE lIARMLEBSNEfiS OF HURRICANES.— PREVISION OF WEATHER.— MODIFI- 
CATION OF CLIMATES EFFECTED BY THE LABOUR OF MAN. 

Anothek circumstance which singularly contributes in hastening 
to the “ taking possession ** of the seas, is the fact that winds and 
even terrible hurricanes have lost boine of their power o\cr man. 
Thanks to the pre\dsions which science has enabled our mariners to 
exercise, these meteoric phenomena become less and less terrific ; 
and tlieir beneficent action in blending difierent bodies of air, is no 
longer accomjianied, us it once was, by so large a number of local 
disasters. Guided by the appearance of the sky and of the bc«i as 
well as by the oscillations of the barometer, the captain of a ship sees 
beyond the horizon the tempest which is approaching, and fearlessly 
takes proi>er measures in order to avoid in good time the formidable 
cyclonic storm which is about to burst ujion the sea. As far as 
regards a well-commanded steam-ship, “ a hurricane is no longer a 
possible event ; the cyclone is nothing more than an ordinary whirl- 
wind all round which a ship may sail without danger, keeping away 
from it if there is any fear of becoming entangled in the vortex, and 
on the contrary approaching it, if the direction of the tempest may 
be made favourable to its course. The hurricane, which was the 
terror of navigators in former times, may thus become in our days a 
powerful auxiliary.* In the vicinity of the coast, the danger of 
course remains very great, because the ship has not a free space before 
it ; therefore when a hurricane is anticipated, mariners are compelled 
to put out as soon as possible into the open sea. 

Coasts, along which the navigators of the olden time used servilely 
to creep, dreading to face the terrible Neptune, are now avoided by 
sailors, for it is on the CQ^is, and principally on the low-lying 
beaches, that nearly all the shipwrecks take place. The descriptive 
charts which are dirawn up by the salvage societies to show the pro- 
portion of calamities occurring on the various points of the coosts of 
Great Britain and Franco, bear witness to the formidable nature of 

* Briddl^ Stttd0 tnr If Oura^aru dt VE^miapKirt Auatrul 
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these dangers ; out of 100 vessels, two on the average have to 
suffer disaster in each year. The seas which are tranquil and deep 
enough to enable vessels to sail at all times without fear in close 
proximity to the coast, are less numerous ; the shores of the Mediter- 
ranean are no less sprinkled with wreckage than those of the ocean, 
and some of these spots, especially that portion of the curve which 
extends between Cette and Marseilles, are particularly dreaded. In 



Fig 207 —Shipwrecks in the Heditcrronuin 


order to diminish the number of shipwrecks, attempts have very 
lightly been made to improve the ports, to open harbours of refuge, 
to light up dangerous coasts with beacons visible at a great distance 
out at sea, to point out shoals by means of landmaiks and buoys, and to 
communicate with mariners by means of the telegraphy of sema- 
phores ; and above all, a precise knowledge of the movements of the 
atmosphere, enablmg one to form an increasingly clear prevision of 
the phenomena of the weather, are the means by which disasters at 
sea may be best prevented. Navigation, especially steam navigation, 
which enjoys the immense privilege of speed, will have but very few 
dangers to fear when mariners understand the art of manoDuvring 
in order to avoid tempests, and every vessel has become a floating 
observatory, as suggested by Maury, the illustrious American sailor. 

At every period of history men have made it their business to 
endeavour to foretell the weather. Owing to the numerous advan- • 
tages which are oficred us by civilization, the practical utility of 
knowing beforehand any approaching meteorological changes has 
become less urgent, because in the present day we can to some extent 
shelter ourselves from the influence of these variations by our cloth- 
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ing, our dwellings, and our food. There are even some people who, 
by means of an altogether artificial mode of life, have arrived at the 
point of being unacquainted with the greater part of the meteoric 
agencies of the air. This was not the case with the nations of anti- 
quity. Living in the open air or in ill-closed huts, seeking their 
livelihood in hunting, fishing, agriculture, or in rearing cattle, they 
were compelled incessantly to search the horizon in order to discover 
the earliest antecedent signs of wind, storm, and rain. By a con- 
stant examination of the heavens, the most skilful obstirvers were 
enabled to discover either more or less accurately a great number 
of facts which placed them in a position to foretell the weather ; 
especially in countries where the phcnoincua of the atmosq)herc took 
place iJvnth some degree of regularity, as in Plgypt and the Indies, 
those who were called wise men,” om account of their knowledge 
of times and seasons, learnt to make fortunate prognostications as to 
the approaching changes of temperature which were not indicated to 
^the common herd by any outward signs. Ilaving been converted 
into pro\ erbs which were repeated from mouth to mouth, a greitt 
poition of these predictions have come down to our time, and in the 
different localities where they were originally uttered one may now 
judge of the amount of truth which they afford. SI any little known 
facts have been verified for thousands of years past by these popular 
Hayings, and a great service would be rendered to science by collect- 
ing these scattered proverbs uttered in the infancy of nations. 

Nevertheless, in their desire to know beforehand the various 
changes of tejni>eraturc, experience is not the only thing to which 
men have appealed ; they have sought to discover, in the movements 
of the stars, the future not only of the seasons but of their own per- 
sonal destinies. They claimed to attain to a prescience of the 
variations of the weather by the apparitions and conjunctions of dis- 
tant planets, and not by the phenomena of the atmosphere itself. 
These astrological chimeras, which moreover suggested to ambitious 
soothsayers the means of obtaining an ascendancy over the minds of 
others by the prestige of the supernatural, have not as yet entirely 
disappeared from science, and are reproduced from time to time under 
a borrowed garb more or less icientific. Without feeling ourselves 
•compelled either to assert or to deny the influence exercised by the 
^heavienly bodies on the phenomena of the terrestrial atmosphere, it 
18 certain that, in order to attain ultimately the great end of fore- 
telling the weather, it is necessary to proceed methodically by observa- 
ti^ of ever increasing accuracy and completeness, made at all the 
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various points of the globe. By classing all the special facts, and 
by discussing them so as to give to each its just value, we shall 
gradually discover the general laws which bear upon them, and 
then day by day draw back the curtain which is spread over the 
field of our sight. 

Although the resources of civilization have rendered us more 
independent of the variations' in the atmosphere than our ancestors 
were, nevertheless the interests which are constantly placed in peril 
by unforosocu modifications of the temperature are immense, especi- 
ally as regards agriculturists and sailors ; added to this, the inquirers 
into this subject have a special incentive to urge them on in their 
studies, in Ube powerful attraction which is presented to them by the 
study of the laws of nature. It is beautiful to be able to recognize 
order and rhythm in what at first seems to be nothing but the caprice 
of the elements, and to tr^ce beforehand in the heavens the course 
taken by those invisible forces, the incessant conflict of which produces 
all the variations of weather. Such is the ambition which, at the 
pfosent time, may reasonably bo entertained. Not verj’^ long ago 
Arago expressed a doubt whether man could be thus able to foresoo 
the alterations of temperature and of meteoric agencies; but at tlie 
present day nearly all savants, emboldened by the grand discoveries 
made during the last few years, are on the contrary full of coTifidonce, 
and look forward to becoming, at an early future, masters of all the 
secrets of the weather. In England, Admiral Eitzroy, in Ilollancl, 
MM. Buys-Ballot and Andrfiu, in France, M. Marie-Davy and other 
meteorologists, have been able, owing to an attentive observa- 
tion of the signs of the atmosphere and a comparative study of 
meteorological phenomena, to make an attempt to predict the 
weather two days beforehand ; and more often than not their pro- 
gnostications, placarded in all the ports on the sea-coast, have been 
found to be justified. M. Bulard, of the Observatory of Algiers, goes 
still further ; he announces changes of temperature weeks and even 
months before they take place. Moreover, the comparison of the 
events with the predictions cannot leave any doubt in the mind ; 
following the courses taken in space by the meteoric agents, is the 
plan pursued by the observer in order to be enabled to point out 
beforehand the points where, and the time when, the aerial currents 
will meet, where and when clouds will form, wet will fall, and the tem- 
pest will break. When, in their daily comparisons, meteorologists will 
be able to make a free use, not only of the whole network of Euro- 
pean telegraphs, but also of all the wires upon the earth ; when they 
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will be cognizant of the various daily phenomena observed at the 
American stations, and observatories, like advanced sentinels, are 
established at Bermuda, the Azores, St. Thomas, and the Ilavannahs, 
that is, at the various points from whence arise the winds, currents, 
and cyclones, which take their course obliquely across the Atlantic, 
then the prognostication of the weather will be placed on a sure 
basis. The samnt will read beforehand the signs of the heavens, tho 
mariner will know wlien he ought to remain in port, and the agri- 
culturist will ascertain the best time for gathering in his crops. 

There is, however, a triumph still greater than that of foreseeing 
the succession of meteorological phenomena, and that is the victory 
obtained by the modification of climates. In every age, man has 
been incessantly occupied in changing them by his labours of culti- 
vation and by tho amelioration of the «oil ; but this work has been 
carried out in an ignorant way, and too often tho oflect of man^s 
activity h!is been to vitiate tho air, or to render the alternations of 
heat and cold still morn sudden and disagreeable. Thus to^uis, tho 
temperature of wliich was always raised d'* or 4" by tho assemblage 
in them of a large number of peoph^, arc at tho same time converted 
into centres of pestilence, whence poisonous gases find their way 
from the lungs of one to another. In the same way, in other 
countries, the wholesale cutting down of forests which lias taken place 
has resulted in disturbing the harmony of nature. The mere fact 
alone of the pioneer clearing some virgin soil eflects a change in tho 
network of isothermal, isotheral, and isochimenal lines which pass 
over the country. In several districts of Sweden whore the forests 
have been recently cut down, the springs at the present time com- 
mence, according to Absjidnsen, about 15 days later than those of tho 
last century. In the United States, tlic vast cloariiigs which have 
been made on the slopes of tho Alleghanies appear to have rendered 
the temperature more variable, and have caused autumn to encroach 
upon winter, and winter upon spring. Generally speaking it may 
be stated that forests, which in this respect may be compared to the 
sea, diminish the natural differences of temperature between the vari- 
ous seasons, whilst their destruction exposes a country to all the ex- 
tremes both of cold and of hea»^» and adds still greater violence to the 
atmospheric currents. If we are to put faith in certain authors, the 
mistral itself, the terrible wind which swoops down upon the C^vennes 
and brings desolation into Provence, has been a scourge of mankind, 
and has blown in its full violence, only since the disappearance of 
the forests on the adji^nt mountains. In the same way marsh- 



MODIFICATION OF CLIMATE. 


285 


fovors and other endomic diseases have often broken out in a district 
after the woods, or even mere sheltering screens of trees, have fallen 
under tho axe.* As to the general flow of the surface waters and 
the climatic conditions which depend upon them, there is no room 
to doubt that the result of the clearing away of forests is a disturb- 
ance of the regularity of tho above-named conditions. The rain, 
which, by the intersected branches of the trees, descends drop by 
drop and subsequently trickles slowly through tho dead leaves and 
the network of roots, when tho forests are destroyed flows down 
fast upon the ground and forms temporary rivulets ; instead of de- 
scending by subterranean sources to tho lower strata and springing 
up again in fertilizing springs, it runs off rapidly on the surface of 
the ground and is lost in the streams and rivers. TJp-stroam the 
ground is dried up, and down-stream the body of running water is 
so increased, that floods a^e converted into inundations, devastating 
tho whole country along the river- side ; dreadful disasters are thus 
brought about, similar to those which were caused by the Loire and 
the Ilhonc, in lSf>6. 

But man is now able to take account of tho influence which his 
agency has exercised upon climate, either by improving it or making 
it worse ; and any mischief that he has done he is able to undo. He 
knows that by again planting woods he has the power of modifying 
the extremes of temperature and of equalizing tho amount of rain ; 
he knows tliat by d(‘vel()ping a system of irrigation he is able to 
increase the fall of moisture, as has been proved by the observa- 
tions made in Lombardy during the last century , f lastly, he can 
make a district healtliy by draining the marshes, by clearing the 
surface of the land from decaying matter, and by modifying the various 
kinds of cultivation. This was the case in Tuscany, where the 
valley of the Chiana, once almost uninhabitable, into which the 
swallow scarcely dared to venture, has been completely set free from 
the marsh-miasmas by the rectification of an irregular slope, covered 
with pools and lagoons. In the same way, the marshes of the dis- 
trict which was the ancient Etruria, have become much loss dan- 
gerous to tho health of tho inhabitants since the Tuscan engineers 
filled up the low grounds on the sea-shore, and have token care to 
prevent tho mixture of salt and fresh water which took place at the 
mouth of the streams.' The amelioration of the air to be breathed is 
the mode by which man will resolve the important question of 

* Goorge P. Marsh, Man and Natw'e^ 
t Ibid. 
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acclimatization ; for the only hot countries that are really unhealthy 
for colonists who are natives of a temperate zone, are the moist 
regions, the air of which is saturated with miasmas. Even now, in 
spite of wars and of interruptions (extending through centuries) of the 
works of improvement, almost the whole of Europe has been rendered 
healthy by the labour of its population, and at the present time the 
same work is being accomplished by the inhabitants of North* 
America, the regions ot La Plata, Algeria, the Cape of Good IIopo, 
and Hindoostan ; the enormous work which still remains to be done 
in rendering healthy the whole surface of the planet becomes every 
day easier, for now men recognize the power of association, and the 
means by which they can do so arc furnished by science. 
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CHAPTER XXVIII. 

IM’IAENCE or MAN Oh THE FLORA AND TAT^NA OF A COUNTin. — ENCROACHMENT 
ErrOCTEl) IHB MORE COMMON BPKCIES —EXTENSION GIVEN BY AGBlCl L- 
TURL TO CERTAIN CULTIVATED bPLC II S. 

The first relation of man to the various animals which surrounded 
him must necessarily have been one of conflict and destruction. The 
great battle of life was inaugurated hy massacre. To eat or be 
eaten — this was the alternative, not only for man but also for tho 
great cave-bear, the Attic lion, the 'Slachairodm, and many other 
earn i\ ora of past ages. There is no doubt that the struggle may for 
a«long time have been indecibive, and perhaps in many places man 
may have been vanquished ; but, after the various chances and 
changes of the conflict, the terrible wild beasts were ultimately killed 
down to tho very last individual. Man, being more subtle than 
these monsters, and more skilful in hiding himself and in sur- 
prising them, was also ingenious enough to avail himself of arti- 
ficial weapons, clubs, pointed bones, and axes or maces of stone, 
and was the conqueror in the conflict, whole races having disappeared 
before him. To say nothing of those animals w'hich wore exter- 
minated at some unknown epoch in prehistoric times, it is probable 
that the Schclk of Germany * and tlie Great Stag of Ireland were 
destroyed by hunters less than 10 centuries before the present era. 
In our own time, tho buflfalo, tho lion, the rhinoceros, and tho 
elephant are constantly giving way before the advance of man, and 
sooner or later they, too, will become extinct. In thickly-populated 
countries all tho wild animals are in their turn destroyed, and are 
replaced by beasts which we use either as slaves or companions, such 
as the ox, the dog, and the horse, or those animals w'hich, like the 
pig, are nothing more than walking masses of butchers’ meat. 

There are several races of birds the .extinction of which must 
doubtless be a reproach to man ; among these we may mention the 
Aka impennis of the Faroe Isles, the Dodo of the Mauritius, the 
Solitaire of Reunion, the Lory of Rodriguez {Psittacin rodericanus)^ 

* George P. Marsh, Man and ^iaiure^ p. 85. 
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the ^piornis of Madagascar, the 12 or 14 species of Moas of New 
Zealand, the Apteryx and the Palapfcnjx* M. de Lungershauson 
also points out as being extinct or in the course of becoming extinct, 
seven curious species of birds in the Sandwich Islands, Tahiti, New 
Zealand, Norfolk Island, and the Samoan Archipelago, which have 
been hunted to destruction by man, or by his companions the dog 
and the cat. t The sea-cows of Stoller {Rhyfina StcUcri), the enormous* 
Cetacece weighing 22,000 lbs. which were discovered by the geologist 
of that name and his companions in 1744, and frequented in great 
numbers the coasts of Behring R trails, became completely extinct in 
the course of 27 years, and since 1708 not one of them has been 
seen ; not even an entire skeleton is left. The whale, which recently 
enjoyed u short respite owing to the American war and the working 
of the petroleum springs, is now agam most energetically pursued, 
and soon will not find any sea where it can take refuge; the seals 
are every year slaughtered by hundreds of thousands; the sharks 
themselves diminish in number along with the fish which formed 
their prey, the latter liaving become the spoil of the fisherman. The 
butchery year after 3 'ear of the birds which feed upon insects has 
resulted in a formidable increase of the numerous tribes of ants, 
termites, locusts, caterpillars, &e., and in the same waj" the cctaccso 
and fish which have disappeared arc replaced by mjTiads of medusa* 
and infusoria. 

With regard to this subject, Mr. Marsh expresses on opinion which 
at first sight cannot fail to surprise, but is none the less worthy of 
being taken into serious consideration. In his opinion, the very 
remarkable phenomena of the phosphorescence of sea-water has 
become more frequent in modern times, and more beautiful than it 
was 2000 years ago. Homer, who often speaks of the “thousand 
voices of the -®gean Sea, makes no mention of its thousand glimmer- 
ings. In the same way, the poets who have represented Venus as 
springing from the foam of the sea and have peopled the “ watoiy 
abodes ” with so many nymphs and divinities, have not given us a 
description of the sheets of liquid gold on which, during the night, 
the bright shining goddesses were used to recline. The love of the 
Greek poets for broad day and the full light of the sun might 
tend to explain this strange silence ; but why is it that savants also 
have maintained such a sobriety of language in describing this very 
editraordinary appearance of the phenomenon of the phosphorescent 

* Owen Ferdinand ron Hoobafccttcr, Neu-Seeland^ p. 447» &o. 

, t Amknd, No. 30, 1868. 
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glittering of Bea- water P Aristotle, who speaks but briefly of it, 
attributes this light to “the greasy and oily quality of the sea.” 
.^lian, the compiler, mentions the gleam emitted by the seaweed on 
the shore, and Pliny, the encyclopedist, tolls us that the body of a 
species of medusa emits a certain brilliancy when it is rubbed against 
a piece of wood. This is a point to which science had reached before 
the observations made by Americus Vospuccio on the phosphorescence 
of tropical seas. Since this epoch there is not probably a single 
traveller who has not remarked on the jets of light springing forth 
during the night-time round his ship, not only in the West Indian 
seas, but likewise in the Mediterranean, on the European coasts of the 
Atlantic, and near the icebergs of the Polar Ocean. If Mr. Marsh's 
ingenious h 3 q)othesi 8 is true, those among us who walk along the shore 
or sail over the sea when the waves are, as it were, on fire, enjoy a 
spectacle much more splendid than ever was given to our forefathers 
to contemplate. This, however, would be but a poor compensation 
for the ravages which have been made by our fishermen. 

The action of man has also caused a rupture in the harmony pri- 
mitively existing in the flora of our globe. The colossal trees in 
our forests are becoming more and more rare, and when they fall 
they are not replaced. In the United States and in Canada, the 
noble trees which astonished our first colonists have for the most part 
been felled, and in more recent days, before the finest forests in the 
countries of Mariposa and Calatrava became national property, the 
Californian pioneers had cut down, in order to con vei l into planks, 
many gigantic sequoias which had attained a height of 380, 390, 
and even 400 feet. This is perhaps an irreparable loss, for nature 
requires hundreds and thousands of years before she can supply the 
sap necessary for these enormous trees, and mankind, too impatient 
for proper enjoyment of it, and too indifferent to the fate of future 
generations, does not as yet sufficiently feel the extent of its own 
duration, so as to induce it to take thought for the careful preserva- 
tion of the beauty of its forests. The extension of the agricultural 
domain, and the requirements of navigation and manufactures, also 
result in reducing the number of trees of an average size. At the 
present time they are diminishing in number at the rate of millions 
every year. Even the toy-manufactories, and the chemical match 
factories, to say nothing of the ship-building yards, require whole 
forests for their annual consumption. To make up for this, in all 
the countries of the world, herbaceous plants multiply, and are cover- 
ing areas of increasing extent. One might almost fancy that man 
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was jealous of nature, and sought to dwindle down all the products 
of the earth so that they should not surpass his own level. Even 
now, as the natural consequence of the struggle going on between 
the various vegetable species, those which are common to several 
countries tend to smother gradually the more feeble species which 
try to hold their ground in some more limited district. Added to 
this, man also con tribal es towards the destmctioii of the original flora 
by increasing the field of growth of the invading plants. His migra- 
tions enable him to reclaim fresh tracts of land, and he sows them 
with tlie seed of civilized countries ; in his course of cultivation he 
assails the mountains, marshes, and savannahs, where the local species 
have taken refuge ; by his pathways, his roads, and his canals, he 
spreads far and wide, on a soil perhaps ill-adai)ted for them, the 
plants wdiicli surround his dwellings and grow in his fields. Not only 
in more or less extensive portions of one and the same zone do the 
vegetable species wdiich are parasites of man increase their field of 
growth, but, at the very extremities of the W'orld, they keep on an- 
nexing newly colonized lands. J ust us European plants encroaclf on 
the indigenous species, so do the imported animals, delighting in 
their new climate, drive victorious!}' before them the representatives of 
the fonner local fauna. The pig, again become W'ild, has taken pos- 
session of the forests of New Zealand. The rat wdiich once fre- 
quented the two islands, has been pushed out by the browm rat escaped 
from English ships, and the conqueror in the strife has himself bo- 
corac extinct in his turn, before the European 7nus tribe. The New 
Zealand fly carefully avoids his lOuropean rival, w'ho has come all 
round the world, in ord(»r to drive him out from the huts of the 
islanders. As the IMaoris sadly remark, “ The wdiite man’s rat drives 
away our rat, his fly drives away our fly, his clover kills our ferns, 
and tlie white man will end by destroying the Maori.” * One cun 
well understand the despairing cry uttered by Michelet in his book 
La Moutagne : — “ Commonplace ideas and things will prevail ! ” 

Oh, no ! tlie ideal of man is the ideal which will always prevail. 
As long as this ideal is nothing else but the more reclamation of 
ground for cultivation everything will be sacrifleed to this point,— 
the Variety and originality of species, and all the beauty of vegetation ; 
but when the desire of obtaining productive crops from the earth is 
supplemented by that of adorning it and of giving to it all the 
splendour which art adds to nature ; when agriculture, at last dot 
livorod from that fear of poverty which now persecutes it, and in 
* Julius lloast, Ton Hoch^itottor, Oscar Pcscbol, Autland^ 19th February, 1867. 
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possession of that leisure without which it is nothing but a slave of 
hunger, will be enabled, like the amateur gardener, to busy itself in 
varying species and tastefully grouping them, and in developing 
elegant or magnificent forms of vegetation, no doubt it will succeed 
in materially modifying the vegetable world according to its desire, 
and in giving it, instead of its primitive originality, a new beauty 
whieh^will resjjond to a sentiment of icsthetic taste. 

Taking the point of \icw of the distribution of species, the prin- 
cipal result of agriculture has been to give a widespread extension 
to certain plants which are used cither for the food of man or for the 
requirements of his industrial skill. The rice-plant, wheat, maize, 
the vine, the cotton-plant, the coflee-plant, c'ach now covers millions 
of acres. The various cereals, although much loss in number when 
compared ^Auth the 500,000 species of other plants, extend over an 
urea of soil which cannot be estimated at less than a fiftieth part 
of the surface of the earth ; in some regions, as in North America, 
fields of corn may bo seen some thousands of acres in extent, undulat- 
ing* away to the furthest horizon like lakes agitated by the wind. 
The plants cultivated by man have so extensively exceeded the limits 
of their natural field of growth, that, out of the 157 species more 
generally cultivated, there arc 72 which have not yet been recognized 
in their wild state, and as to tho identity of which botanists still 
experience some doubt.* Until a quite recent date wheat was known 
only as an agricultural plant, and it was looked upon as a kind of 
miraculous source of wealth, when M. Balausa found it growing 
spontaneously on a mountain in Asia Minor. 

Northern nations push on their cultivation of the ground to a 
point within tho polar circle and very near the extreme limit where 
forests are found to grow. On tho coasts of Norway, barley, which 
is cultivated nearer to tho polo than any other cereal, does not succeed 
with any degree of certainty in districts above GO® of latitude ; but it 
may be seen here and there, in sheltered valleys, almost up to the 
northern extremity of tho Scandinavian peninsula. Tho most northern 
locality in which the inhabitants have found courage enough to cul- 
tivate it in spite of tho climate, is Elobakon, in 70" of latitude. In 
Swedish Lapland the cultivation of barley stops short at a point 
ninety miles further south ; and yet the annual crops arc generally 
speaking only half ripe, and the farmers have to dry them in kilns ; 
at Enontekis, a satisfactory crop is not obtained oftoner than once in 
every three years. In other northern countries which are not, like 

* Alph. de CundoUo, Qeographie botanique raiaonnee. 

V* 2 



202 


LIFE. 


Scandinavia, under the influence of the Gulf-stream, barley cannot be 
grown with much hope of success except in districts situated con- 
siderably to the south of the polar circle- But in every spot in the 
frigid zone where any groups of civilized inhabitants have established 
themselves, in Siberia, Labrador, and Greenland, these outcasts ** as 
it were of the human race, have by dint of labour extorted from the 
ground a few vegetables belonging to more temperate climes, ^ch a^ 
cabbages, turnips, lettuces, and spinach, half-starved plants which 
would certainly refuse to live in the ice-bound soil, were it not for 
tlie indefatigable care of the gardener who sowed them. On the 
slopes of the Swiss mountains man has likewise carried cultivation far 
beyond its natural limits. In many valleys of the Alps fields of rye, 
barley, and oats are to be seen at an elevation of 5000, 5250, and in 
the Val Tomanchc, even at a height of C509 feet ahove the level of 
the sea, scarcely 2300 feet below the limit of perpetual snow.* The 
highest village in La Maurieniio, in Savoy, is on an average 5898 feet 
above the sea ; nevertheless, the inhabitants have given it the name 
of Bonnevul, inspired by a kind of gratitude towards the land watered 
by the mountain stream Arc. On the slopes which face the southern 
sun, the villagers indefatigably culti\ate both barley and rye; but 
it must Ihj confessed that the crops are extremely late in maturing. 
The sowing takes place in July on fields where the snow has been 
melted by spreading on them black earth or barley stubble, and often 
in the month of August or at the beginning of Septemlx'r in the 
next year, the fields are still green ; fourteen months arc required to 
ripen the harvest. In consequence of a truly heroic conquest oflected 
by man's industry, cultivations on the northern slope of the Valais 
Alps are pushed upwards to an elevation averaging 330 feet higher 
than on the southern slope, which is nevertheless exposed to the 
beneficent influence of the sun ; the fact is, that the northern popula- 
tion, having a smaller extent of good land at their disposal, exercise 
more assiduity in their labour than the southern farmers. 

M. Rosenthal, of Breslau, has enumerated no less than 12,000 
plants employed cither as articles of food or for their curative virtues 
and their utility in manufactures ; but the most frequently cultivated 
species, — those which supply us with food, clothing, and all that is 
requisite for life — in the absence of which man would disappear from 
the earth— constitute but a very small portion of the earth’s flora. 
Europe and IVestom Asia are perhaps the districts which have sup«* 
plied to the human race the most valuable species of vegetables; 

* Cbarlet Martina, Note h la UkUorokfie do KSmta. 
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even in tlie times of the Chaldeans and the Pelasgi, these portions of 
the ancient world had bestowed on agriculture more than half of the 
treasures which she possesses. The Indies and the Sunda Archi 
pelago, so rich in their vegetation, are the habitats of about one- 
fourth of the plants used in agriculture and manufactures, and the 
Remainder come to us almost entirely from South America, which, as 
regards the multitude of indigenous plants, and taking its area into 
consideration, is certainly the wealthiest continent of all. There is 
only one species of high importance among cultivated plants, the 
date-tree, which finds its origin in Northern Africa. With regard to 
Australia, New Zealand, and the United States, none of these countries 
have as yet supplied to mankind any one plant of essential utility 
either for food or agriculture, if we except the materials requisite for 
the building of houses and ships. 

It is an evident fact that men, too much the slaves of routine in 
their course of cultivation, have as yet turned to account but a very 
small number of the plants which might bo useful to them, and 
among those that are cultivated with the greatest care many are 
species of a poisonous nature, such as opium, the betel-root, and tobacco, 
that odious weed, the use of which weakens the body and stupefies the 
mind ! To say nothing of the various species of trees which have 
not hitherto been worked for building purposes, Ijow many American 
plants there are, neglected by or even unknown to botanists, which 
might be useful either for the food of man or for the cure of his 
maladies, either by means of their stems, their baik, their fruits, 
their flowers, their germs, or their roots ! Not long back our agri- 
culturists made a most important acejuisition in the virgin forests of 
Bolivia and Peru ; they have taken possession of the Peruvian bark 
tree with a view of converting it into a miltimted plant. The natives, 
too eager to avail themselves of its virtues, know of no better plan 
than that of cutting down the tree and i)eeling off its bark; they 
traverse the forests in search of the cinchonas, and when they Lave 
found them, the axe is at once laid to them, and in the course of a few 
hours these trees, which might have supplied numerous crops of bark 
throughout a whole century, lay despoiled upon the ground. Fortun- 
ately, Clement Markham, the traveller, was successful in taking up a 
few young plants, and at the present time we have the cinchona 
growing in cultivated forests in Ceylon, the Island of Java, and on 
the mountain-slopes of the Himalayas and the Nilgherry hills. 
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CTI AFTER XXIX. 

INFLUENCE OF MAN ON THE BEAUTY OF THE EAIlTIl. — DIRFIGUHEMENT AND 
EMBELLISHMENT OP THE LAND. — THE DIV'EllBE ACTION OP DIFFERENT 
NATIONS. — THE APPRECIATION OF NATURE. — THE PROORESh OF MANKIND. 

The action of man is so powerful aji agency in draining marshes 
and lakes, in smoothing down the obstacles between different countries, 
and in modifying the primitive distribution of animal and vegetable 
Hpccies, that these very facts become of decisive importance in the 
changes which the outward surface of the globe is undergoing. This 
action of man may embellish the earth, but it may also disfigure^it ; 
according to the manner and social condition of any nation, it contri- 
butes either to the degradation or glorification of nature. JIan 
moulds into his own image the country which ho inhabits; after 
long centuries of reckless use of it, the barbarian gives to the earth 
he lives on an aspect of rough brutality, whilst by an intelligent system 
of cultivation, civilization makes the country radiant with grace and 
with an impressive charm ; he may humanize it, so to speak, so that 
any stranger passing through it feels a welcome when ho enters it, 
and that he may safely repose in its bosom. 

As if merely encamped, like a passing traveller, the barbarian robs 
the soil without returning to it by cultivation and thoughtful caro 
that which he extorts from it ; he ultimately succeeds in completely 
devastating the country which he uses as his place of abode and 
rendering it uninhabitable. The surface of the earth presents 
numerous instances of devastation of this kind carried on without 
mercy for the soil. In many a spot man has changed his native 
country into a desert, and ^'.the grass has ceased to grow where he 
has placed his foot.’' A largo portion of Persia, Mesopotamia, 
Idumea, and various countries of Asia Minor and Arabia, which used 
“ to flow with milk and honey ” and once fed a very considerable 
population, have become almost entirely sterile and inhabited by a 
few miserable tribes, living by pillage and the most primitive style 
of agriculture. When the powers of Romo gave way under the 
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attacks of barbarian invaders, Italy and the adjacent provinces, 
exhausted by the unintelligent labour of slaves, were to a great 
extent changed into deserts, and even at the presont day, after two 
thousand years’ fallow, vast tracts of land which wore brought into 
cultivation by the Etruscans and the Liculi, are now useless heather 
or unhealthy marshes. In consequence of causes of a like nature 
which result(xl in the impoverishment and ruin of tlie Roman Empire, 
the New World itself has lost, in an agricultural point of view, a 
considerable portion of its territory; many a jdantation in the 
Caroliuas and in Alabama which was reclaimed from the virgin forest 
not more than half a century ago, has totally ceased to be producti^■e, 
and is now nothing more than an abode for wild animals. In Brazil 
and Columbia, naturally the most fertile countries of the whole earth, 
a few years are sufficient ibr exhausting the soil by moans of a 
system of cultivation which is a mere robbery from it. Iho trees 
are burnt down, and maize is sown over the ashes, and the same crop 
is incessantly removed year after year, until it is smothered by a 
fresli growth of brushwood. This is burnt for the second time, and 
maize is sown again. Ultimately, ferns and a slimy, fetid sort of 
grass called capim (jordura make their appearance, and the land is 
then destroyed for the purposes of cultivation. 

The question as to how far the agency of man serves either to 
adorn or degrade the aspect of nature may seem an idle one to minds 
of a so-callcd positive tendency; but it none iho less assumes an 
importance of the highest order. The development of mankind is 
bound up most intimately with the surrounding conditions of nature. 
A hidden harmony springs up between the land and the nation 
which is nourished by it, and if any society is imprudent enough to 
lay a disturbing hand on the elements which form the beauty of its 
territory, it is ultimately sure to repent of it. In a spot where the 
country is disfigured and where all the grace of poetry has disap- 
peared from the landscape, imagination dies out and the mind is 
impoverished ; a spirit of routine and servility takes possession of the 
soul, and loads it on to torpor and to death. Among the causes 
which, in the history of mankind, have caused the extinction of so 
many forms of civilization, wo must place in the first order the reck- 
less violence with which most nations have treated the soil which 
nourished them. They cut down the forests, exhausted the springs, 
and made the rivers overflow, and after thus injuring the climate, 
surrounded their towns with a belt of marshy and unhealthy land ; 
and then, when the nature whieh-they profaned showed its hostility 
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aguiust thorn, they began to hate it, and being unable like the 
savage to fall back on forest-life, they allowed themselves to fall 
into deeper and deeper degradation through the despotism of 
priests and kings. “ Vast domains have been the destruction of 
Italy is the opinion of Pliny ; but it must be added that these vast 
domains, being cultivated by the hands of slaves, had disfigured the 
land like a leprosy. Ilistorians have been struck with the extreme 
decadence of Spain since the days of Charles V., and have 
endeavoured to explain it in various ways. In the opinion of some, 
tlie chief cause of the ruin which has befallen the nation was the 
discovery of gold in America; in the opinion of others,' the cause 
was the religious terror organized by the “ holy brotherhood of the 
Inquisition, the expulsion of the Jews and Moors, or the sanguinary 
auto-da-p of heretics. The fall of Spam has been also attributed 
to the iniquitous impost of the alvahala^ and to the system adopted 
from the French of despotic centralization. But is not the kind 
of madness with which the Spaniard has felled the trees for fear 
of the small birds par miedo de ha pajantos a point to be coh- 
sidered in this terrible decadence ? The land has become yellow, 
stony, and bare, and has assumed a repulsive and frightful aspect ; 
the soil is impoverished, and the population, which for two centuries 
has been diminishing, has partially relapsed into barbarism. The 
small birds are well avenged. 

Even in our own days and among nations the most advanced in 
civilization, numbers of the works of man have been attended with 
the fatal result of impoverishing the soil and disfiguring the face of 
nature. Taken as a whole, mankind has not yet emerged from his 
primitive barbarism. The work of deterioration assumes a different 
aspect among different nations according to their systems of agricul- 
ture, the variety of climates, and the diversity of manners and of 
national character. Arabs, Spaniards, and Spanish-Amoricans 
completely fell the trees and leave the face of the country to dry up 
and become yellow in the sun ; Italians and Germans, on the other 
hand, scandalously mutilate the trees which they do not cut down, 
and give them the aspect of posts or broom-sticks; the French 
divide their land into innumerable parcels producing different kinds 
of crops, which looked at frpm a distance on the hill-sides resemble 
many-coloured draperies spread upon the soil. In the United States 
the land is cut up into geometrical squares, all uniform and with 
similar bearings, in spite of the undulations and risings of the 
ground. Lastly, in some countries the proprietors of lo^d, either 
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poor peasants or great lords, surround their domains with defensive 
walls and hem them in with ditches as if they were besieged fortresses ; 
this is done even by the miserable Irishman, the poorest among men, 
who encloses with a high earthen bank his bit of garden-ground 
containing nothing but ill-growing plants. How many countries 
there are in Europe through which one may travel for whole hours 
without finding a single spot on which an artist’s glance might rest 
with any degree of satisfaction. 

There are others besides the ** rough tiller of tlie soil,” so jealous 
of his patrimonial landmarks and so prc-oniinently eager to obtain 
abundant products, who arc often at work in disfiguring the aspect 
of the land in which they live ; indeed, some of those who profess 
the greatest admiration for nature are in the habit of s3"stematically 
degrading the most beautiful sites. In the environs of towns, the 
districts supposed to be country are cijit up into enclosures, and are 
only represented by closely shorn shrubs, and bods of flowers of 
which a glimpse may be obtained through iron railings. Many of 
the German princelings, vitiated by a foolish sentimentalism, have 
defaced the most charming landscapes by carving pedantic inscrip- 
tions on the rocks, by adorning their lawns with fanciful tombs, and 
by making their soldiers mount guard in front of the points of view 
which they desire to point out to strangers. Multitudes of French 
bourgeois, in their mean love for a cramped and symmetrical stjde, 
have gone so far as to check the rise of the sap in the trunks, in 
order to create dwarf varieties and to give to trees geometrical forms 
or the fantastic appearance of monsters ond demons. The grave 
Dutch merchants of the last century were not satisfied with their 
garden -walks unless they were edged with lime trees having their 
heads clipped into the shape of a ball and .their trunks coloured 
white ; and the trees at Brouck are still painted with oils and zinc- 
white. The gardeners of the Emperor Yang-Ty were in the habit 
of replacing the flowers and leaves which fall from the trees by- 
artificial foliage and flowers made of silk, the latter being impreg- 
nated with perfume so as to render the illusion more complete.* 

And how far do the highest aspects of nature find their due recog- 
nition among us P On the sea-coast, our most picturesque cliffs and 
our most charming shores are, in many localities, monopolized either 
by jealous proprietors or by speculators who appreciate the beauties 
of nature in much the same way as a money-changer values an 
ingot of gold. In much-frequented mountain districts a similar 
* Meyer, l>ie aehone Oartenkunat, 
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rage for appropriation takes possession of the inhabitants ; the land- 
scapes are cut up into squares and sold to the highest bidders ; every 
natural curiositj^ the rock, the cave, the water-fall, the glacier, 
everything, down even to the sound of an echo, may become private 
property. The very cataracts are farmed out to contractors who 
surround them with wooden fences in oider to prevent non-paying 
travellers from contemplating the tumult of the waters, and then, 
by dint of laudatory articles in the public press, coin, as it were, the 
very light which plays in the broken water-drops, and the break of 
the >vind which spreads clouds of mist over the abyss, and convert 
them into hard ready cash. No traveller can fail to experience a 
folding of deep mortification when lie compares the Niagara of to-day, 
such as men have made it, witli the fonm^ ‘‘ thunder of the waters,^' 
when it was left in the simplicity in which nature gave it to us. 
Hideous buildings, mills, workshops, hotels, and warehouses, have 
taken root on the cliffs ; advertisers, speculating on the beauty of 
Niagara for the sale of their merchandise or of their drugs, have 
posted up their dirty and lying placards in front of the roaring 
cataract ; other persons, still more disagreeable in their ingenuity, 
have vainly attempted to add some poetical features to tlie scenery 
by erecting Chinese Kiosks and Gothic turrets. The trees and their 
verdure which formed so appropriate a framework to the wdiito hue 
of the water have fallen under the stroke of the axe, and the body 
of water itself is diminishing every day owing to the side channels 
which are dug b}" the mill owners to draw tvater from the Niagara 
for driving their machinery. Let the energy of man utilize, if it 
will, the immense powder of the cataract; nothing can be more 
advantageous ! I3ut in this w'ork of improvement the beauty of the 
spot has not been resjx'cted. 

This depravity of taste, wdiich impels men to deface the most 
lovely Bccnor}% finds its origin in ignorance and vanity, and is hence- 
forth condemned by the verdict of mankind ; the mind of man now 
socks for beauty, not in vain and purely outward imitations or in a 
fantastic and false style of decoration, but in the intimate and 
deeply-seated harmony of his wt^ with that of nature. The man 
who really loves the land in which he lives knows that his duty is 
*to preserve or even to increase the beauty which it possesses ; but if 
a reckless system has defaced that beauty, then it is incumbent on 
him to endeavour to restore it. Gompreliending the fact that his 
own personal interest is blended with the interest of all around him, 
lie will repair the injuries oommitted by his predecessors, ho will 
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assist tho soil instead of inveterately forcing it, and will work hard 
for the beautification as well as the improvement of his domain. lie 
will not only know, in his position us an agriculturist and a manu- 
facturer, how to utilize tho products and forces of tho globe, but ho 
will also learn with an artistic eye to give an additional griicc and 
majesty to the scenery which is most charming. Ilaving become 
** the conscience of the earth ’’ by that very fact, man assumes a 
responsibility as regards the harmony and beauty of nature around 
him. 

Under the rude hands of the conquerors of Rome and during tho 
unhappy period of tho middle ages, the thousands of slaves who 
cultivated the soil were but little able to comprehend the beauty of tho 
land on which their miserable lives were spent ; and any sentiment 
that inspired them with respect for tho scenery which surrounded them 
must necessarily have been of a \ itiatod character. The bitterness of 
existence must then have been much too intense for them to 
experience any pleasure in admiring the passing clouds, the rocks, 
and the trees. Then on every side were quarrels, hatreds, sudden 
terrors, wars, and famines. The caprice and cruelty of the master 
was the law of the enslaved ; in every unknown face they scorned to 
recognize a murderer ; the names of stranger and enemy were then 
synonymous. In a society of this kind if a brave man wished to 
combat his destiny and to preserve the self-consciousness of his own 
soul, the only thing he could do was to be joyous and ironical, to scoff 
at the strong and especially at his master ; but if he contemplated 
tho earth nothing remained for him but grief. The sjdendour of 
tho loveliest features of nature wdiich surrounded them could not but 
remain unknown to the men \»ho, influenced by a vague terror, 
sedulously kept up by sorcerers of every kind, ever fancied that, in 
every cave, in every deeply-hollowed road, in the mountain-gorge, 
and in the dim silence of the woods, they could discern hideous 
ghosts and horrible monsters, partaking of the natures both of tho 
beast and the demon. What strange ideas must have been enter- 
tained of the earth and its beauties by those monks of the middle 
ages, who, in their maps of tho world, were always in the habit of 
drawing, by the side of tho name of every distant country, strange 
animals vomiting out fire, men furnished with horses^ hoofs or* 
fishes’ toils, griflBns with the heads of rams or bulls, flying dragons, 
and headless bodies with wild staring eyes placed in the middle of 
their breasts I 

When the incessant warfare of the middle ages had come to an 
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end, the desire of every man who had escaped in the conflict must 
have been to secure for hiniself some charming and sheltered home ; 
the bolder features of nature only produced fear, and all he asked 
for was peace. The ideal of the generations which followed one 
another from the Renaissance to the French Revolution is betrayed 
by the character of the sites chosen by both princes and lords for 
building their country seats. But a very small number of these 
palaces occupy a position which aflbrds a view of a magnificent 
horizon of mountains and rocks; in many localities, especially on 
the shores of the lake of Geneva, the country houses built by the 
rich proprietors of the adjacent land turn their backs to the scenery 
which now appears to us the grandest. Instead of an aspect of 
nature too impressive and too wild for liim to take pleasure in con- 
templating it, man then preferred u limited area of view, which the 
imagination could easily embrace, such as a curtain of gently sloping 
hills, a little stream winding along under the shade of alders and 
weeping- willows, charming avenues of clustering trees, and lawns 
and lakes ornamented by statuary. They valued these elegant 
graces far above the magnificent simplicity of a widely extending 
prospect. 

The nations who at the present day are ])laced, in consequence of 
their pre-eminence in civilization, in the front rank of mankind, take, 
generally speaking, but very little trouble in the embellishment of 
nature. Being much more devoted to industrial than artistic skill, 
they prefer power to beauty. The universal wisli of man is to adapt 
the earth to his requirements, and to take complete possession of it 
in order to derive from it its immense treasures. Tie covers it with 
a network of roads, railways, and telegraphic wires ; he fertilizes its 
deserts and makes himself master of its rivers ; he breaks up the 
rising grounds, and spreads them in the form of alluvium over the 
plains ; bores through the Alps and the Andes, and having united 
the Red Sea with the Mediterranean, is preparing to mingle the 
waters of the Pacific with those of the West Indian Seas. Nearly 
all men, being either agents in, or witnesses of, these vast under- 
takings, allow themselves to be ^tarried away by the fascination of 
labour, and their only idea is how they can mould the earth into the 
Image which suits them best. And yet, when man forms some loftier 
ideal as regards his action on the earth, he always perfectly succeeds 
in improving its surface, l^though ho allows the scenery to retain its 
natuial beauty. Nature preserves its beauty when the really Intel- 
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ligont agriculturist gives up raising and forcing, as if at haphazard^ 
plants of the most various kinds, on a soil the properties of which he 
is ignorant, when, before intrusting to cultivation, he first and fore- 
most comprehends that the land must not be recklessly dealt with, 
and previously humours it, by finding out the crops best suited for 
it. Thus, the ** Shakers ” in the United States, who have made 
agricultural labour '‘a ceremony of love,” and feel it a duty to 
cherish the trees which they rear, the seed which they cast into the 
furrows, and the rivulet which they turn to their purpose, have really 
succeeded in converting into perfect paradises their estates ut Mount 
Lebanon, Hancock, and Waler-Vlict.* England is the country in 
which the agrieultui ists produce from their fields the most abundant 
crops, but yet its people have always shown more respect for trees 
than was ever the case with the Latin races, and there also we find 
but few localities which do not possess a certain amount of grace or 
even of real beauty, owing either to the great oaks standing by them- 
selves and spreading their branches over the meadows, or to the 
slumps of trees of various kinds dotted about with picturesque art 
round villages and country houses. The art of man, notwithstanding 
the opinion of some morose minds, has it in its power to embellish 
even the aspect of free nature, by giving it the charm of prospect 
and variet}'', and above all by placing it in harmony with the deepest- 
seated feelings of those who inhabit it. In Switzerland, on the shores 
of the great lakes, and in front of blue mountains and glittering 
glaciers, how many instances there are, both of farm-houses and 
villas, which, by their grassy lawns, their clumps of flower-beds, and 
their shady walks, render the face of nature still more beautiful, and 
charm as if by some pleasant dream of happiness the traveller who 
passes by I 

At the present time, the freedom from prejudice which science 
gives, the love of liberty which is spreading far and wide, the feeling 
of solidarity which often influences us without our knowledge, and 
teaches us the fact that the earth belongs to all, have singularly 
enlarged the breadth of view taken by man. At the same time, the . 
increase of travelling is revealing more and more the beauty of the 
earth and the harmony of its agencies. For a few years past especi- 
ally, there has been springing up a perfect enthusiasm in the feeling 
of love with which men, eminent in art and science, regard nature. 


* Hepworth Dixon, Amertca, 
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Travellers spread in swarms over all countries which are easy of 
access, and remarkable for the beauty of their scenery or for the 
charm of their climate. Multitudes of painters, sketchors, and 
photographers arc traversing the whole earth, from the banks of the 
Yang-tse-Kiang to those of the Amazon ; they study the land, the 
sea, and the forests in all their most varied aspects ; they exhibit to 
us all the magnificent scenes on the globe which we inhabit, and in 
consequence of their being brought more and more into intimate 
communion with nature, and of the works of art brought back from 
tlieir innumerable voyages and travels, all men of cultivation can 
now form an acquaintance with the features and aspect of the differ- 
ent countries of the globe. The class of i^araiih, although less 
numerous than that of the artists, arc still more useful in their 
labours of discovery, and liave also become wanderers over the earth, 
and the whole w’orld now foriu'^ their sphere of study ; it was while 
travelling from the Andes to the Altai that Humboldt composed his 
admirable Tableaux de la Nafiire, dedicated, as he says, “ to thoso 
who, impelled by the love of liberty, have been able to tear them* 
solves away from the troublesome waves of life.'' 

Ifonceforth, owing to those travels, the globo itself will bocomo 
the agent in ennobling the taste of its inhabitants and in communi- 
cating to them the seiibo of the truly beautiful. Those who traverse 
the I'yrenees, the Alps, or the Himalayas, or even the high cliffs 
along the sca-shoro, those Avho plunge into the depths of the virgin 
forest or look down into a volcanic crater, learn, while looking at 
these magnificent sights, how to appreciate the true beauty of loss 
striking scenery, and when they have tlie power of modifying it 
they will not fail to respect its peculiar features. We must therefore 
wish every success to that noble passion which impels so many men, 
and, wo must add, the best among men, to penetrate into virgin 
forests, to traverse sea -shores and mountain- gorges, and to examine 
nature in all the regions of the globe where she has preserved her 
primitive beauty. It is now felt that, unless wo wish to subside into 
intellectual and moral weakness, it is necessary that the vulgarity of 
BO many ugly and commonplace things, in which narrow-minded 
people think that they discern thb evidences of modem civilization, 
ehould be counterbalanced at any cost by the contemplation of the 
magnificent scenery of the earth. It is necessary that the direct 
study of nature and the consideration of its phenomena should 
become one of the principal ^elements of education for every cultivated 
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man ; it is also necessary that skill and muscular energy should be 
developed in every individual, so that ho may be able cheerfully to 
scale the highest mountaiii-jx'uks and look down into their abysses 
without fear, and also to keep up in the whole of his physical bcuig 
that natural balance of power, without which the noblest prospects 
are surveyed only through a veil, as it were, of sadness and inelaii- 
•choly. The man of modern times ought to combine in his own 
pro2)er person all the virtues of those who have gone before him on 
the earth ; without surrendering any of the enormous j^rivileges 
intrusted to him by civilization, it is his duty also to maintain 
unimpaired all the vigour bequeathed to him, and not to allow him- 
Bolf to be excelled by any savage on the earth in strength, skill, or 
a knowledge of tlio phenomena of nature. In tlie grand times of the 
old Greek republics, the great object which tlie Hellenes had in view 
in the education of their children was to turn them into heroes by 
means of grace, strength, and courage ; and in like manner, by 
stimulating all manly qualities in the rising generation, by bringing 
Ukuh face to face with nature, and by lea^ing them to fight out tho 
^battle with her, modern societies of men may insure themselves 
against tho occurrence of any docadcnco by the legcneration of tbo 
very race itself. 

A robust education of this kind will give us tho grandest dovclop- 
mont of tho real love for nature. Slavery and a spirit of routine may 
M’tiatc it; but knowledge and liberty give it new life. Science, 
which is gradually converting the globe into one great organism 
always at work for the benefit of mankind, doing this by means of 
winds and currents, steam and the electric fluid, is at the same time 
pointing out to us the means for beautifying the surface of the earth, 
and for making it that pleasant garden which has been dreamt of by 
poets in all ages. Nevertheless, although science may bring before 
our eyes the distant future of a glorified earth, she alone cannot bring 
to perfection tliis great work. A moral progress must necessarily 
correspond with this progress in knowledge. Whilst men ore fighting 
with one another with the aim of shifting the patrimonial boundaries 
and the imaginary frontiers of their nations, whilst tho soil which 
nourishes them continues to be reddened witli the blood of insensate 
wretches who wage war either for a paltry strip of territory, or for 
some question of so-called honour, or incited by a mere lust for con- 
flict, like the barbarians of ancient times, so long will be deferred 
that paradise on earth which tho mind's oye of the seeker already 
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seems to contemplate in the distant future. The features of the 
globe will lihver assume their perfect harmony until men are united 
in one league of justice and of peace. Ere she can become truly 
beauteous our beneficent mother must wait until her sons have 
all embraced as brothers, and have succeeded in establishing the grand 
confederation of free nations. 


THE END. 
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